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PREFACE, 



lIN an age like ihe present, when tlif 
frth of every production conducive to thr 
interests of morality, and a more extensive 
knowledge of the Creator through the me- 
a of his works, is recommended and puh- 
|r encouraged, but little need be offered by 
f of apology for the present compilation. 
>ne important object of the following pages i 
was to present, in a verj' compact and compre- 
hensive form, an interesting and connected 
account of those important laws and opera- 
tions in the material world, which, under thu 
elaborate pens of philosophical authors, co"- 
ver an extentof scientific ground too enlarged 
for the commercial and labouring individual 
to travel over ;*— but more particularly has 
this little compendium been arranged for rti^ 



'*"^'^« 



juvenile enquirer, who either from a preinri 
ture wish to anticipate the result of deep c 
pulalions, or from other contingent occupl 
tions, would have a general yet clear, idea 4 
objects which without tlie aid of philosophy h 
cannot undei-staod. To enable him to i 
' complish this desirable end, the foUowit 
e, as far as possible, divested of t^j 
fJitechnical difficulties which but loo oftt 
impenetrable barrii rs to the espansior 
rising mind. While, however, they endeil 
vour to exhibit in a familiar manner thi 
chain of connection which binds and unit^ 
all nature, they will by no means aupersedh 
an encouragement to penetrate into thoi 
sciences whence the axioms, laws, and'calc< 
latioos which relate to matter and motion a 
ascertaihed. 



Having noticed the design of this litd 
manual, it is unnecessary to euforce the ini 
portance pf the subject of which it tread 
No employment surely yields so rich a hac 
f-est of insti-uction and delight to a ratiDni 
Ae/nff nfi that of survevintr i\\c -wOBieifa 



m 



■Its of the Great Creator, as dispU;^! 
ihe various parts of the uaiverse. Such e 
ployment is a source of never-failing satis- 
faction to persons of everj' a^e ; and it ts only 
hy acquiring a knowledge of nature, and oil- 
serving the contrivance and skill conspicwiu' 
in every department of creation, that we ai' 
enabled to form an adequate idea of the n: 
tributes and character of the Supreme B - 



In proportion as we attain a knowledg ■ 
of the objects around us they become inter 
esting and important. That which to tl: ■ 
careless and unenlightened spectator, appear; 
solitary and detached, having no other c6il- 
Sexion with the rest of the universe but tfi- 
^dowyand fleeting relation of co-existeTii:x . 
will, to him who takes a glimpse into il 
'general economy of nature, declare th.^u 
wives to be parts of a great and harmonioti ■ 
whole, connected by general laws, and tenc"- 
ingto one general and beneficent purpose, 
and cannol iaii of impressing Vi\mv)\^B.\*\C'.i. 



to co-operate in this glorious plan, by acting 
worthy of the place he holds amongthe ^t'orlts 
of God, 

TIiiis is the study of nature calcidated t^ 
exalt the mind, and reduce the sum of human 
pride and ignorance, and comes in aid of that 
self-abas tmeni ivhlch the great duties of 
Christianity impose, by teaching man that, 
though he stands a pinnacle of power, and 
grasps in intellect alLthc prodigious works of 
creation, he is but a link in an immeasurable 
chain that serves to suspend Eiud give piotion 
to the works of Him who 



Nor is it as a moral agent only that man 
benefited by a knowledge of natural philos 
phy I it ttachcs him to emploj the powers of 
nature to the greatest advantage for the em- 
bellishment and comfort of life, and extends 
l.is empire over ^jn^r yfttc rial universe. 
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Knowledge of this kind, therefore, is the 
most valuable that man can acquire : it en- 
riches his life with conveniences, enlarges his 
views, and lays a foundation for the most ra- 
tional and exalted piety. '' The imiverse, 
(says Boyle) is the magnificent temple of 
its great Author ; and man is ordained, by 
his powers and qualifications, the high-priest 
of nature, to celebrate divine service in this 
temple of the imi verse." 

Let him then, aspiring to the dignity of 
Ws station, assisted by the writings of modern 
authors, devote his noblest powers to the 
investigation of the laws of nature ; and 
evince that h.e is not in vain given ability to 
l>e wiser than the fowls of heaven, and to have 
more understanding than the beasts which 
perish. ^ 
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NATURAL PHILOSOPHY 



BF MATTER AND MOTION, 

[ATTER is an extended solid* siib- 

, which being comprehended under 

£stinct surfaces, makes so many panicular 
distinct bodies. 

Motion ia so well known by the sight and 
touch, that to use words to give a clearer idea 
tf it would be in vain. 

• Seliility is not here considered b<) oppo>ed to fluidity, 
bqt ks lh»t propert)' which every bcwly poaaesaes of not 
fennitting any other subatsncc lo occupy thesa 
•iUi it Bt Ihe same time i ao thai both wster i 
creiy other tliivl are equaUy solid, in this u 
»Qtd, with the hurdeai body. By aolidiiy, ■ 
huigljllge, ia understood "the property of not being ei 
ttparated into parts ; and Uterefore the reader murtl 

■I not to cnnFaand ihe meaning o? t^te ^'^iiMst^ 
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XO MATTEK AND MOTH 

Matter, or body, is indifferent 
or rest. 

There is as much force required to pii( 
body, which is in motion, at rest ; as there 
to set a body, which is at rest, into motion. 

No parcel of matter can give itself eith 
motion or rest i and therefore a body at re 
will remain so eternally, except some exto 
cause puts it in motion ; and a body : 
ion will move eternally, except some ei 
tcmal cause stops it. 

A body in motion will always move on ini 
straight line, unless it be turned out of it t 
some external cause ; because a body can I 
more alter the determination of its motit 
than it can begin it, alter or stop its motii 
itself. 

The velocity of motion is estimated by tl 
time employed in moving over a certai 
apace, or by the space moved over in a cci 
tain lime. The less the time, and the greatl 
the space moved over, the greater is the v( 
locity ; on the contrary, the greater the tinK 
and the leas the space moved over, the lej 
is the velocity. Every body in motion mui 
have a determinate velocity. To ascertiu 
the degree of this swiftness or velocity, til 
space run over must be divided by the timi 
Vor example, suppose a body movee ovc 
lOOo yards in 10 minutes, its veYocXty ■«-a.\ 
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i^Wcda ppr miDute, because 100 is the 
[ieiit of 1000, drt-ided by lO. If we 
Jd compare the velocity of two bodies A 
B» of which A inovts over 54 yards in 9 
utes, and B 96 yards in 6 miautea, the 
icity of A will be to that of B, la the pro- 
lan of 6 (the quotient of 54 divided by 9) 
6 (the quotient of 96divided by 6.) 
To kpow the space run over, the velocity 
ft be multiplied by the time ; for it is evi- 
Lt, that if either the velocity or the time be 
reased, the space run over will be greater, 
be velocity be doubled, then the body will 
/e over twice the space in the same time ; 
f the time be twice a£ great, then the space 
be doubled : but if the velocity and ume 
loth doubled, then will the space be four 
Bsas great. 

t follows from this, that when two bodies 
re over unequal spaces in unequal times, 
T velocities are to each other as the quo^ 
,ts arising from dividing the spaces run 
r by the times. If two bodies move over 
qual spaces in the same time, their veloci- 
will be in proportion to the spaces passed 
r* And if two bodies move over equal 
;es in unequal times, then their respective a 
icitiea will be inversely as the time employ M 
I thatis, if A in one minute, and ft rnVKO^ 
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minutes, nin over 1 OO yards, the velocity oi 
will be to that ofB as 2 to 1. 

It appears, as far as human observat 
reaches, to be a settled law of nature, that *• 
bodies have a tendency, attraction, or gravl 
tion towards one another." 

The same force applied to two different | 
dies, protliices always the same quaati^ 
motion in each of them. For instance, U 
boat, which with its loading is one tun, be t 
at a distance, to another vessel, which ■* 
its ladiitg is twenty six tons ; if the rope '■ 
tics them together be pulled either in the] 
or bigger of these vessels, the less oftheV 
in their approach one to another, will m 
twenty -sixfcet, while the other moves but' 
foot. ' 

Wherefore the qiiantitj- of matter in ' 
■«arth being twenty-six cim'cs more thai 
f the moon, tlie motion hi the moon towi 
tile earth, by the common force of attractl 
by whicli diey'are irapelletl towards one a 
ther, will be twenty-arx times as fast as in 
earth ; that is, the moon will "move twenty- 
miles towards the earth, for every mile 
earth moves towards the moon. 

This attraction is the strongest, the ne 
er the attracting bodies are to each oth 
^nd in different distances of the same bod 
Js jccipiocaUy in the dupVicata v'^^ov"'^^" 
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distances. For instance, if two bodies, 
at a given distance, attract each other with a 
certain force, at half the distance, they will 
attract each other with four times that force ; 
at one third of the distance, with nine times 
that force ; and so on. 

Two bodies, at adistance, willputone ano- 
Aer imo motion by the force of attraction ; 
which is inexplicable by us, though made evi- 
dent to us by experience, and so to be taken 
as a principle in natural philosophy. 

Supposing then the earth the sole body in 
the universe, and at rest ; if God should 
create the moon, at the same distance that it 
is now from the earth, the earth and the moon 
would presently begin to move one towards 
another in a straight line, by this motion of 
attraction or gravitation. 

If a body, that by the attraction of another 
vould move in a straight line towards it, re- 
ceives a new motion any ways oblique to the 
firflt ; it will no longer move in a straight line, 
according to either of those directions; but 
in a curve, that will partake of both ; and this 
curve will differ, according to the nature and 
ijuanlity of the forces that concurred to pro- 
duce it ; as, for instance, in many cases it 
"■■■ be such a curve as ends where it Uegan, 
' ;urs into itself; that is, makt^ u\i ^^ 
B 
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cle, or an eUipsia, or oval very little diflfcrii 
from a circle. 

Attraction may be divided, with resptct 
the law it obsenes into two kinds. Ti 
which takes place at a sensible distance, 
Aat which does not extend to sensible d 
tances. The first is called the attraction 
gravity, or by mathematicians, the centripei 
force. 

This is the species of attraction w 
laws we have endeavoured to elucidate. 
is one of the most universal principles in a 
ture. We see and feel it operate in bod| 
near the eartb, and find by ohservatioa tli 
the same power (i. e. a power which actai 
the same manner, and by the same rules, vi 
always proportionally to the quantities of mj 
ter, and inversely as the squai'cs of the disti 
ces) does also obtain in the moon, and t 
other planets, both primary and aecondar}-,. 
well as in the comets ; and even that this 
the very power by which they are all retai 
ed in their orbits. This mighty princij 
forms the earth into a round and dense bi 
holds every thing animate and inanimate 
its surface, and makes its whole surface 
general top. 

From tliis attraction arises all the motiq 

and consequently all the mutation, in ^ 

^ -eat world. By this heovy Viodvcs 4c«,c<!.i; 
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^ht ones ascend ; by this projectilca are 
:ctecl, vapours and n^alations rise, and 
IS fail ; by this rivers glide, the ocean 
Us, the air presses, &c. 
d. That which does not extend to sensible 
ancea.^— Sucli is fnund to obtain in the 
lUte particles of which bodies are comp<w- 
attracting each other at or extremely near 
point of contact, with forces often much 
erior to that of gravity, but which at any 
tancc decrease much faster than the pow- 
jf gravity. This power a late ingenious 
lior calls Ate attraction of cohesion^ as be- 
that by which the atoms or insensible 
tides of bodies are united into sensible 
ises. 

I'he laws of motion, percussion, &c. in 
sible bodies, under various circumstances, 
falling, projected, Stc. do not reach those 
re recluse intestine motions in the coni- 
iCnt particles of the same bodies, on which 
end the changes in the texture, colour, 
perties, &c. of bodies. So that our phi- 
>phy, if it were only founded on the prin- 
Ic of gravitation,' and even carried as far 
ihis would lead us, would atill be very de- 
cnt. But, besides the common laws of sen- 
le masses, the minute parts they are corn- 
ed of are found subject to some, oxticts., 
«fi have but iutely been nolicei, wAwt^ 
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even yet imperfectly known. Ne\vion.i 
self, to whose happy penetration we ovt 
hint^ limits himself with establi^thing ih.: 
there are such motions in the minima na- 
turae and that they flow from certain powers 
or forces, not reducible to dHy of those in 
the great world, and from hence he account) 
foran infinity of phenomena, otherwise inex- 
plicable, to which the principle of gravity is 
inadequate. Thus, adds Sir Isaac, '* will 
nature be found very conformable to herself, 
and very simple ; performing all the gi'eat 
motions of ihe heavenly bodies by the attrac- 
tion of gravity, which intercedes those bo- 
dies^ and almost all the small ones of their 
parts, by some other attractive power diffus- 
ed through their particles. Without such 
principles, there never would have been any 
motion in the world ; and without the con-r 
tinuance of it, motion would soon perish, 
there being otherwise a great decrease or di- 
minution of it, which isonlysuppliedby thest 
active principles." 

By the attraction of cohesion are formed 
stones, metals, woods, salts, and every thing 
that may be denominated body. The eflfects 
of solders, glue, cements, &<:. are all from 
the same cause. So jewels, hard stones, sta- 
lactites, petrifications, porcelain, pottery, 
■^ 'ca, flags, glass, cements, artificial stones, 
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and plastic earthy compositions, which p 
serve their figure in diying, all are childi 
of this great agent ; and as this power iamuch 
greater iu some bodies than in others, there 
arises an infinite vaiieiy in the strength, the 
weight, the texture, &c. of metals, stones, 
&c. for we have powerfiJ reasons to believe 
that the original particles of all matter are of 
the same weight, and that it is this principle 
that makes the great difference in their speci- 
fic weight. To minds not used to philoso- 
phical investigation, it must appear a bold as- 
sertion to say, that the particles of gold are 
^ot one whit heavier than the particles of 
cork : but experiment and observation shew 
this to be really the case. 

The grand antagonist principle of the at' 
traction of cohesion is fire, (or vaioric in the 
new language of chemistry.) These two op- 
posing powers keep nature in a state of per- 
petual motion. When the attractive force rs 
strongest, the body continues in a state of so- 
lidity ; but if, on the contrary, heat has so far 
removed the particles of it, as to place them 
beyond the sphere of attraction they lose 
their adhesion,* and the body becomes fluid- 
Water, when cooled below 32 degrees of 
Fahrenheit's thermometer, becomes solid, 
and is called ice. — Above that temperature, 
its particles not being held together., it be. 

B % I 



comesliquid; but when raised to 212 degrees 
its particles give way to the reputsSve powe^ 
of fire, and, flying off, assume on aeriforxn 
state, called steam; the same may beaffirmo/ 
of all bodies in nature, for even diamonds, the 
hardest substance we know, are capable of 
being dispersed by a common culinary fire. 

It may therefore be considered as an ax- 
iom, that all bodies are capable in certain cir- 
cumstances, of the three states of solidity^^u- 
idity, and gas. 

The atoms of which bodies are formed, are 
concealed from us by their minuteness, and 
though they are the active parts of matter, and 
the great instruments of nature, on which de- 
pend all its operations, we can form no idea 
of them, for whether we view animate or in- 
animate matter, the corpuscles of which it 
formed are so infinitely small, as not only to 
escape the scrutiny of the highest magnily- 
ing powers in glasses, but even imagination 
itselt is incapable of forming an idea of an ori- 
ginal particle of matter : One pound of goU 
is capable of coveringa wire that will circuift 
scribe the globe, nay, so infinite ia this divisi* 
bilily that Lewenhoeck discovered more livi 
ing animalculse in the milt of one single cod 
fish than there are men, women, and childm 
_on the face of the earth ! and those so ama 
A. many thousands may stand upon the poji 
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irfa needle. And if we suppose that these 
animalcula are furnished with blood, like 
other animals, and if the globules of their 
blood bear the same proportion to their bulk 
as those of a man bear to his body, it may be 
proved, that the smallest visible grain of sand 
would contain more of these globules than 
10,256 of the largest mountains in die world 
would contain grains of sand. 

\\Tieii wc consider these things we seem to 
look down into infinity ; and as, in the- con- 
templation of the starry heavens, we can con- 
ceive no term to the extension of space ; so, 
jIn regarding the minute parts of creation we 
see ttt> end to the divisibility of matter. We 
axx' lost in wonder when we attempt to com- 
prehend either the vastness or the minuteness 
of creation, and are necessarily made to feel 
(hat it belongs only to the one great and in- 
comprehensible Power, who worketh in ways 

'" '^t finding out. 
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CHAP. II. 

OF THE UNIVERSE. 

TO any one, who looks about him in 
I the world, there are obvious several distinct 
I masses of matter, separate from one another ; 
some whereof have discemable motions. 
These are the sun, the fixed stars, the comets, 
and the planets, amongst which this earth, 
which we inhabit, is one. All these are visi- 
ble to our naked eyes. 

Besides these, telescopes have discoveretf 

several fixed stars, invisible to the naked eye ; 

and several other bodies moving about some' 

I of the planets: all which were invisible and 

I unknown, before the use of prospective glas- 

I ses were found. 

I The vast distances between these great bo- 

dies, are called intermundane spaces j in 
which though there may be some fluid mat- 
ter, yet it is so thin and subtile ; and there is 
I so little of that in resptct of the great masses 
' that move in those spaces, that it is as much 
as nothing. 
These masses of matter are, either lumi- 
nous, or opaque or dark. 
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Luminous bodies, are such as give light of 
themselves; aud such are the sun, and thi^ 
fixed stars. 

Dark or opaque bodies, are such as emit no 
light of themselves, though they are capable | 
of reflecting it, when it is cast upon them ■ 
irom other bodies : and such are the pla- 
nets. 

There are some opaque bodies, as for In- 
stance the comets which besides the light, 
that they may have from the sun, seem to 
shine with a light that is nothing else but an 
accension, which they receive from the sun, 
in their near approaches to it, in their respec- 
tive revolutions. 

The fixed stars are so called, because they 
always keep the same distance one from ano- 
ther. 






On a view of the visible system of nature, 
by us called the universe, the grandest and 
most admired object is the great luminary 
af^y. Its splendour, its heat, and its bene- 
ficial influence have always excited the parti- 
cular attention of the human species, and t 
have obtained the adoration of all those na-j^ 
tions which have not been blessed with rev^ 
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Those who are not accustomed to astrono- 
mical calculation, will be surprized ailhe real 
magnitude of this luminary; which, on 
count of its distance from us, appears to 
eye pot much larger than the moon, which 
is only an attendant on our earth. When 
looking at the sun, we are viewing a globe, 
whose diameter is 890,000 English miles i 
whereas the earth is no more in diameter 
than 7,970 miles : so that the sim is about 
l,392,500timesbiggerthan the earth. Thus 
as il is the fountain of light, and heat to all 
the planets, so it also far surpasses them in 
its bulk. 

The sun has several spots, which are visible 
on its surface. These spots were entirely un- 
known before the invention of telescopes, 
tii'ough they are sometimes of sufficient magni- 
tude to be discerned by the nakideye. TTiere 
is a great variety in their magnitudes ( some 
have been so large, as by computation to be 
capable of covering the continents of Asia 
and Africa i nay, the whole surface of the 
e^rth, or even five times its surface. ' 

The nature and formation of thesolars 
have beeii the subject of much speculation 
and conjecture. The latest observations on 
them, and on the nature and construction of 
Ihc sun, arc thnst- uf Dr. Htrschel's : he con- 
■■'idiTs the sun .is a most n^ai;mV\tei\t\v^\xahV 
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globe, surrounded by a double Act of clouds. 
Those which are nearest its opaque body, arc 
less bright, and more closely connected to» 
letlier than those of the upper stratum, which 
form the luminous apparent globe we behold. 
This luminous external matter is of, a phos- 
phoric nature, having several accidental 
openings in,it, through which we see the 
Bun*s body, or the more opaque clouds be- 
neath. Those openings form the spots V(c 



Next to the sun, the moon is 
splendid and shining globe in the heavens j 
and by dissipating, in some measure, the 
darkness and the horrors of the night ; sub- 
dividing the year into months, and regulat- 
ing the flux and reflux of the sea, she not only 
becomes a pleasing, but a welcome object ; 
affording much for speculation to the con- 
templative mind, and of real use to the navi- 
gator, the traveller, and the husbandman. 
The Hebrews, the Greeks, the Romans, and 
in general, all the ancients, used to assemble 
at the time of the new moon, to discharge the 
duti es of piety and gratitude for its manifold 
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When we view this attendant on our 
in its nightlj' course, we seldom form an ade- 
quate idea either of its magnitude, orits mo- 
tion. While it seems to take some hours in gel- 
ting half a yard from a star which it touched, 
we never reflect that this is an immense mass 
of matter, of 2180 miles in diameter, driving 
through the heavens at the rate of consideraH 
more thantwo thousand miles an hour; whidtt 
is more than double of that ivitli which a 
ball is shot off from the mouth of a 

The face of the moon is greatly diversified 
with inequiilities, and jjarts of different co- 
lours, some brighter and some darker than 
the other parts of hei- disk. When viewed 
through a telescope, her face is evidentfy 
diversified with hills and valleys: and the 
same is also shewn by the edge or border bf 
the moon appearing jagged, when so viewed, 
especially aboatthe confines of the illuminat- 
ed part when the moon is either homed o 
gibbous, 

M. Schroeter, of the Royal Society of Got- 
tiifgen, in the year 1792, seems to have tak- 
en great pains to investigate the trutliof thia 
matter. According to him, the surface oftha 
mocm appears to be much more unequal than 
that of our earth; and these inequalities have 
S^vaC var'ittv both in innw a.v\i.\ twa^vw " 
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are large irregular plains, on which are 
(^»erved long and narrow strata of hills run- 
aing in a serpentine direction : some of the 
tnountains form extensive chains ; others, 
wliich are in general the highest, stand alone, 
and are of a conical shape : some have cra- 
ters ; others form a circular ring inclosing a 
plain. The most lofty mountain on the sur- 
nce of our g^obe is supposed to be Chim- 
boraco, which is not 20,000 feet in height : 
but there arc many in the moon which are 
uuch higher t that which is distinguished by 
the name of Leibnitz, is not less than 2S,00O 

The craters of the moon are circular, and 
surrounded with an annular bank of hills : 
(hey are remarkable for their width, many of 
them being from four to fifteen geographical 
miles in diameter J some are not deeper than. 
the level of the moon's surface ; others are 
9000, 12,000 and I5,00Ofeet in depth ; that 
ofone which M. Schroeter calls Beriwuil/i, is 
ibove 1 B,000 feet. 

On the face of the moon are likewise vol- 
canoes which appear to the observer as light- 
ed coals, and illuminate the neighbourinf 
mountains. 
^H^ith respect to the nattire and const 
^H^^^^ the moon and the prubabiVVty o^ \^;^ ' 
^^^Kmtabited, Dr. Ilerschel, 'rn. V\\% v^*^ 
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published in the Philosophical Transactions 
of 4 79S, concludes, after tracing the ^eat 
Kiniilarity between it and the earth, as follows : 
"There seems only to be wanting, in orderto 
coifipJete the analogy, that it should be inha- 
bited. Tn this it may be objected, that we 
jierceive no large stas in the moon ; that its 
atmosphere (the existence of which has even 
been doubted by many) is extremely rare, 
and unfit for the purposes of animal life; that 
its climates^ its seasons, and the length of its 
(lays, totally differ from ours ; that without 
dense clouds (which the moon has not) there 
can he no rain; perhaps no rivers, no lakes. 
In short, that, notwithstanding the similarity 
which has been pointed out, there seems to be 
a decided difference in the two planets we 
have compared. My answer to this will be, 
that that very difference which is now objected 
ivill rwiher strengthen the force of my argu- 
ment than lessen its value ; we find, even up- 
on onr globe, that there is the most striking 
difference in the situation of the creatures that 
live upon it. While man walks upon the 
ground, the birds fly in the air, and fishes 
swim in water ; we can certainly not object to 
the conveniences afforded by the moon, if 

.those that are to inhabit its regions are fitted 
to their conditions as well as we on this globe 

arc to ours. Aq absolute ox tot.9.\ %%Yae.'(\eE& 
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SMBIB rather to denote imperfections, such a 
nature never exposes to our view ; and, on 
this account, I believe the analogies that have 
been mentioned fully suflicietittoestatjlish the 
high probability of l!ic moon's being inhabited 
like the cartii." 



Lastly of the earth on which we dwell. — 
Sneck as this may appear in the immensity 
of creation, it is nevertheless to us of the 
highest importance ; we only with to obtain a. 
knowledge of other planets and syatems, that 
we may find out their relation to this, ami from 
thence learn our connection with the universe 
ax large. 

The external part of theennh either exhi- 
faita ineqiialities, as mountains and valleys ; or 
it is plain and level ; or dug in channels, fis> 
ftiires, beds, &c. for riveiW, lakes, seas, &c. — 
These inequalities in the face of the globe 
most naturalists suppose have arisen from :i 
rupture or subversion of the earth, by the force; 
either of the subterraneous fires or waters- 
The earth, in its natural and original statcy 
it has been supposed by Des Cartes, and aft 
him Burnet. Steno, Woodward, WhisU 
And others, was perfectly round, smooth^ 
'^uahle ; and they account Sot \xs \'ta' 
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rude and irregiilarforn], principally from the 
great deluge ; bill from whatever cause those 
inequalities may have arose, or at what period, 
they seem a necessary part of the economy 
of nature. It is the intermediate space be- 
tween the mountain's top and the sea-shore 
that forms the habitation of plants and an- 
imals. — While there is sea-shore and high 
ground, there is that which is required in the 
system of the world ; take that away, and 
there would remain an aqueous globe in which 
the world would perish. 

What the internal or central part of the 
earth is composed of is utterly imknown to 
us, though many opinions have been formed 
respecting it ; the utmost depth to which it 
■^lath been penetrated by human art not being 
more than 3400 feet, or less than half a mile, 
which, when compared with the length of the 
diameter, is a very short distance indeed. 
From its mean densitj'. however, which is 
to that of water as 9 to 2, and to common 
stone as Q to 5, it is presumed that it contain 
great quantities of metals. 

The figure of the earth is that of a sphe- 
roid, leaving its equatorial diameter longer 
than its polar diameter. It is consequently 
ilHltest at the poles, and more protuberant at 
the equator. 
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With respect to the }?uiffnitutie of the earth, 
this has been variously determined by differ- 
ent authors, both ancient and modem. — ^I'he 
following dimensions may be tnkcn as near 
the truth, i '/ 

The circumference 25,000 miles, j 

The equatorial diameter 7,928 miles, I 

The polar diameter 7,893 miles, | 

The superScies 198,944,206 sq. miles, 

The solidity 263,930,000,000 cub. mi. 
Also the seas and unknown parts of the earth, ; 
by a measurement of the best maps, contaju {| 
160,522,026 square miles; the inhabited | 
parts, 38,922,180; of which Europe con- 1 
tains 4,456,065 ; Asia, 10,768,823 ; Africa, 
9,654,807 i and America, 14,110,874 square , 
miles. 

Of the divisions of the Earth. — In taking, 
a view of the terraqueous globe the most 
obvious divisions tbat present themselves, 
are those thai are sketched by the yieklinij 
water on the crooked shore, called conti- 
nents, islands, seas, &c. 

A continent is a large track of land not se 
parated by the sea ; As Europe, Asia, &c. 
An ocean is a vast collection of 
parated by land; as the Allnntic, Pacific, 
&c, — A st:a is a smaller collectVoTv q( wmri 
communicating with the ocea.n ■, ^^ "C^t^iN.? 
Jiterranean, the Baltic. 
C 2 
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An island is a track of land surrounded by 
water ; as Great Britain, Ireland, &c. A 
Iflke is water surrounded by land ; as the 
Lake of Get^eva. 

A cape or promontory is a point of land 
running far into the sea; as the Cape of 
Good Hope. A bay is a part of the ocean 
running far into the land; as the Bay of 
Biscay. 

A peninsula is land almost sun'ounded 
■With water ; as the Worea. A gulph is a 
part of the sea almost surrounded with land ; 
as the gulph of Venice. 

An isLhmus is the narrow part of land 
which joins the peninsula to any country ; 
as the Isthmus of Suez. A Strait is a nar- 
row passage from one sea to another ; as the 
Strait of Gibraltar. 

The earth is also divided into four quar- 
ters ; Europe, Asia, Africa, and America. 

Besides these, there are other divisions of 
a more varying character ; such are the po- 
liticyl houndaries that separate kingdoms and 
eropirts. 

Kingdoms, provinces, towns, &c. are di- 
visions of the earth that charge with the af- 
fairs of the nations that have made them ; and 
accordingly, in different ages, they alter their 
appearances. 
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OUR solar syatem consists of the sun, 
ndtiie planets, and oomete moving about it. 
The jdanets are bodies which appear to us 
like stars ; not that they are luminous bodies, 
that is, have light in themaelves ; but they 
shine by reflecting the sun. 

They are called planets from a Greek 
word, which signifies wandering; because 
they change their places, and do not always 
keep the same distance with one another, 
nor with the fixed stars, as the fixed stars 
do. 

There are two kinds of planets, primary 
and secondary. The first move round the 
■un, and respect him only as the center of 
their motions. The secondary planets, called 
!a]so satellites, or moons, are smaller planets, 
revolving round the primary, while they, 
Iwith the primary planets about which they 
Imove, are carried round the sun- TW 
aihuiets move round the sun atvanous^Ai- 
^tcea, some being much nearer to \vvn>" ^itawv 
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our earth, and others being much further 
off. , 

There are nine primary planets, which a 
situated with respect to their distances from 
tht sun as follows : 

5 9 © S 

Mercury, Vevui, Tkt Earth, Mart, Ctra, Paltfli, 

Jupiltr, Saturn, and Strtchtl, er the Georgium Smh 

Of these, our earth is accampanied by one 
moon, Jupiter has four moons. Saturn h^ 
Bcvcn moons, and the Georgium planet hai 
six moons. None of these moons, except 
our own, can be seen without a good teles, 
cope, 'i'he other five planets do not appear 
10 have any satellites or moons. 

All the planets move round the sun from 
west to east, and in the same direction do 
the moons revolve round their primaries, ex- 
cepting those of the Georgium planet, which 
8ccm to move in a contrary direction. The 
pathM in which they move round are called 
their arhitx. They perform their revolutions 
iUro in very different periods of time. Thci 
llinc of performing their revolutions round 
the RUn IK called their year, and the time ol 
performing tftcir revolution on, ^.heu «sft^ 
*helr <fyy. 
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The axis of a planet is an imaginary litie 
conceived to be drawn through its center, 
about which it revolves as if on a real axis, 
■extremities of this line, terminating in 
isite points of the planet's surface are 
■d its pok.i: A bowl whirled from one's 
id into the open air turns round such" a 
itself, whilst it moves forward ; 
;h are the lines we mean when we 
the axes of the heavenly bodies, 
tnd Mert-ury being nearer to the sun 
Bian our earth, are called inferior planets, 
and all the rest, which are without the earth's 
orbit, ate called superior planets. 

The sun is placed near the common cen- 
ter, or rather in the lower* focus of the or- 
bits of all the planets and comets, and turns 
tound his axis in 25 days 6 hours, as is evi- 
dent by the motion of spots seen on his rut- 
face. Bvthe various attractions of the cir- 
CURiTolving planets, he is agitated by a small 
notion round the center of gravity of the 



IT * tbread be lied lomel/ round (vo pins ituck in 

Me, uiii movers) ely Btretc tied bv the point ora blach- 

. pencil carried round bi an evtn motion and li^bt 

JHMute uf 'be hand, a,a oval or eUimii will be dearrib- 

"- "V Iwo points where Ihe pins are fixed bewis 

ihejtri or focmea thetwf. The t>i\i\\:a v* iA\ j 
pltoeis are elliptical, and Ihe Sun la p\ftce& v 
«w cftbejoci nt each of them i and tlmi in n 
'•--' ■ «aJted tbe laviarftKta. 
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Let us suppose the taith's orbit K ^^^^ 
thin, even, solid plane i cutting the'^Q 
through the center, and extended out as ita 
as the starry heavens, where it will mark the 
great circle called the Eclipttc. This cirde 
we suppose to be divided into 12 equal paiu, 
called i'ij'?(s; each sign into 30 equal parts, 
called Degrees ; each degree into 60 equsl 
parts, called Minutes ; and every minute into 
60 equal parts, called Seconds; so that a se- 
cond is the 60th part of a minute ; a minute 
the 60th part of a degree ; and a degree th^' 
the 360th pai-t of a circle or 30th part of"! 
Sign. The planes of the orbits of all the 
other planets likewise cut the sun in halves ; 
but extended to the heavens, form circles dif* 
ferenl from one another, and from the ecnp- 
tic ; one half of each being on the north Bide, 
and the other on the south side of it. Con- 
sequently the orbit of each planet crosses die 
ecliptic in two opposite points, which are cal* 
led the planet's Nodes. 

Mercury is the first planet in the order of 
the system. — It is computed to be ahouc 
37',OOb,000 miles distant from the sun, and 
to move at the rate of 105,000 miles an hour, 
completing its orbit in about 88 of our days, 
or little less than three months, which is the 
aigth gf its year. It la not much 



THE SOLAR SYSTEM. 

i the moon, being about 3200 miles in 
diameter. 

Venus is the second planet from the sun, 
remarkable for its brightness, it is computed 
to be 68,000,000 miles from it, and to move 
Touud it at the rate of 76,000 miles an hour, 
completing its annual revolution in 224 days, 
17 hours, or above 7^ months.' Its diameter 
is 7700 miles, and its diurnal revolution is 
performed in 23 hours, 22 minutes. 
. When it is to the west of the sun, it la a 
morning star ; when to the east, it is an even- 
ing star. 

Our Earth is the third planet in the order 
of our system. Its diameter is 7970 miles, 
and it turns round on its a^cls in the course of 
a day. Its distance from the sun is 95,000,000 
,miles, and moves at the rate of 58,000 miles 
an hour, completing its orbit in the course of 
a j-ear. 

Mars is the fourth planet from the sun, 
from which it is distant about 144,000,000. 
miles. It moves at the rate of 55,000 miles 
an hour, and completes its orbit in a littlcless 
than two of our years. Its diameter is 4200 
niles, and its rotation on its axis is performed 
ID about 24 hours and 39 minutes. 
I; Ceres Ferdinandea is 

Its diameter is 161 
Stance fioni the sun is 260,C 




•f 



i^ 



36 THE SOLAR SYSTEM. 

It was discovered on the first day of the | 
sent century by Mr. Piazzi, an Italian a^ 

nomer. 

Pallas is the sixth planet in the order o/t 
system. It was discovered by Dr. Olbers 
Bremen, on the 28th of March, 1802. ] 
distance from the sun is 266,000,000 mile 
and its diameter 80 miles. 

This planet and the last Dr. Herschel pr 
poses to call asteroids^ because they are 
much smaller than any of the other planel 

Jupiter is the seventh planet in the ord 
of our system, and the largest that has y 
been discovered, being nearly a thousai 
times as large as our earth. He is comput 
to be about 490,000,000 miles from the su 
to go at the rate of 29,000 miles an hour, ai 
to be 89,000 miles in diameter. He finish 
his annual period in eleven of our years 3; 
days and 12 hours, and turns round his as 
in 9 hours 56 minutes ; so that his year co 
tains 10,470 days. From this planet's tur 
ing so swiftly on its axis, its figure is mo 
oblate than that of the earth, being more th; 
six thousand miles longer in its equator! 
than in its polar diameter ; this swiftness 
its diurnal motion alr^o draws its clouds ai 
vapo\us into stre^kj; or lines over its equat 
rial parts, forming what is called Jupitei 
belts. 
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Saturn is the eighth planet from the aun. 
Mid ie about 900,(X)0,000 miles distant from 
it; it is carried along its orbit at the rate 
of 22,000 miles an hour, which it completes 
in 29^ of our years. Its diameter is com- 
{Hited to be 79,000 miles ; its rotation on its 
axis has been discovered by Herschel to be 
completed in about ten hours and a quarter. 
There is a ring or a broad circular arch, en- 
compasses the body of this planet, without 
touching it, somewhat similar to the wooden 
horizon of an artificial globe; onjy that tha 
iticerior space occupied by t'lC plantt is very 
considerable. It is about 21,O00 miles in 
breadth ; which is equal to its distance from 
Saturn on all sides. It appiars like a large 
luminous arch in the heavens, as if it did not 
belong to the planet. 

Merxchel is the ninth planet in the order of 
our system, and is twice as far disunt as Sa- 
turn from the aun, and will be nearly 83 years 
to going round it. It Is ninety times as large 
as the earth,*a(id is visible to the naked eye 
on a clear ei'cning, if the moon be absent. 
* TTiese with-thcir moons, we consider as the 
regidar bodies of our system, so regular in- 
deed, that thtir phenomena may he pretty 
exactly calculated for ages. There may be 
O^i'r planets, irJiich humai^ o\i3erv»\\wtt V^a 
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iiot yet discovered, and which, perhaps, it 
never may. 

All the planets move nearly in the direction 
of the ecliptic; and that space on each aide 
of it, whicli bounds their utmost deviations, 
is called the Zodiac. It is a broad circle or 
belt in the starry heavens ; and is about 16 
degrees in breadth, and the ecliptic equally 
divides it in two all round, so that the planets 
are alwaya found amongst some of the con- 
"tellations, which form the twelve signs of the 
zsdiac. 

The reason of their motions in curve liDeB^i 
is the attraction of the sun, or their gravft- 
tlons towards the sua (call it which you 
pleilse i) and an oblique or side-long impidse 
or motion} the former is commonly called 
the centripetal force^ and the latter the centri- 
fugal force. _ ■ ■ 

These two motions or tendencies, the on& 
always endeavouring to carry them in a 
straight line from the circle they move in, and 
the other endeavouring to draw them iaa 
straight line to the sun, make that a curve line 
they revalve in. 

From the great analog)- there is between 
the other planets and our earth-jt is generally 
supposed by asironomcrs that they are in- 
JjjbJtcd, and indeed we can never bring our- 
iC'Jres fofTiini, thatan hifiu'ttely wise Cte^Sm 
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', should dispose of all his animals ancl vegebl' 
bles here, leaving Uie other magnificent pla- 
nets, with all tlieirnobleatlendanci; of moorifi, 
bare and destitute of rational creatures. To 
suppose that he had any view to our benefit, 
in creating these moons, and giving them their 
motions round Jupiter, Saturn ana Herschel ; 
to imagine that he intended these vast b( dies 
for any advantage to us, when he ■"■ell knew 
that they could never be seen but by a few 
astronomers peeping through telescopes ; and 
that he gave to the planets regular returns ol 
days and nights, and different seasons to all 
where they would be convenient ; but of no 
manner of service to us, except only what im- 
mediately regards our own planet the earth j 
to imagine that he did all this on our account, 
would be charging him impiously with hav- 
ing done much in vain ; and as absurd, as to 
imagine that lie has created a little sun and a 
planetary system within the shell of our earth, 

- and intended them for our use. These con- 
siderations amount to little less than a positive 
proof, that all the planets are inhabited ; for 
if tliey arc not, why all this care in furnishing 
them with so many moons, to supply those 
with light which are at the greater distances 
from the sun f Do we. not see, that the far- 

. ther a planet is from the sun, the greater ap- 
paratus it has for that purpose? save only 
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Mars,which being but a small planet may 
moons too small to be seen by us. We know 
that the earth goes round the sun, and turns 
round its own axis, to produce the vicissi- 
tudes of summer and winter by the former, 
and of day and night by the latter motion, for 
the benefit of its inhabitants. May we not 
then fairly conclude, by parity of reason, that 
the end and design of all the other planets is 
the same i and is not this agreeable to the 
beautiful harmony which exists throughout 
the universe '. Surely it is ; and raises in ua 
the most magnificent ideas of the Supreme 
Being, who is every where, and at all times 
present! displaying bis power, wisdom, and 
goodness among all his creatures ! and dis- 
tributing happiness to innumerable ranLs of 
ioup beings .' 






Of Comets — Of all the celestial bodies, 
romets have given rise to the greatest num- 
ber of speculations and conjectures. Their 
strange appearance has in allagesbeen amat- 
ter of terror to the uninformed, who have ge- 
nerally looked upon them to be evil omenSf 
and lorerunnera of war, pestilence, &c. 

The existence of an universal connection be 
tiveeg aJJ parts of the siderialheaL.vei\%\^wi'« 
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generally admitted. Cometa undoubtetlly 
form a part of this great chain ; but of tho 
part they occupy, aqd of the uses for which 
they exist, we are in a great meaaure igno- 
rant. It is a portion of science whose perfec- 
tion is reserved for sonje distant day, when 
these bodies, and their vast orbits, may, by 
long and accurate observation, be added to 
the known parts of the solar system ; when ' 
aatronomy will appear with new lights, after 
alt our discoveries, great as we at present 
imagine them to be. — Upon the whole, the 
astronomy of comets is very imperfect ; for 
but little can be known with certainly where 
but little can be seen. Comets afford few ob- 
servations on which to ground conjecture, and 
are for the greatest part of their course bc- 
ypnd the reach of human vision. 

Like the planets, they are observed to be 
opaque bodies, shining only by the influence 
of tt^e sun, and like them are carried »long in 
I thejr orbits, by the combinabon of the ceni- 
tripetal and centrifuge forces ; sometimesi 
seeming tQ go foi-wards, sometimes back- 
wards, and sometimes to be stationa- 
rj'. The great eccentricity of their or- 
bits makes ihem liable to suffer considerable 
Sions, from the attraction of the planets, 
'each other. 
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"hey are called comets, from their having 
along tail, somewhat resembling the appear- 
ance of hair. This, however, is not always 
[ the case ; for some comets have appeared, 
which were as well defined, and as round as 
pbnets ; but in general, they have luminbus 
I matter diffused around iheni, or projectingout 
' from thi-m. 

I From the beginning of our era to this time, 

I it is probable, according to the best accounts, 
I that there have appeared about 500 comets. 
( Before that time about lOO others are record- 
ed to have been seen, but it is probable, that 
i not above half of them were comets. And, 
I when we consider, that mimy others may not 
1 have been perceived, from being too near the 
sun, from appearing in moonlight, from being 
in the other hemisphere, from being too small 
' to be perceived, or which may not have been 
recorded, we might imagine the whole num- 
ber to be considerably greater ; but it is like- 
ly, that of the comets which are recorded to 
have been seen, the same raay have appeared 
several times, and therefore the number may 
■be less than is here stated. 



■ Moan. — The moon goes round the 
1 cAaiige to change in a^ OtayB VI 
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hours and 44 minutes ; and round the sun 
with it every year. The moon's diameter is 
2180 miles ; and her distance from the earth's 
center 240,000 miles. She goes round her 
orbit in 27 dai.'s 7 hours 43 minutes, moving 
about 2290 miles everj- hour; and turns 
round htr axis exactly in the lime that she goes 
round the earth, which is the reason of her 
keeping alwaj-s the same side towards us, and , 
that her day and night taken together is as 
long as our lunar month. 

The moon is an opaque globe like the earth, 
and shines only by reflecting the light of the 
Son ; therefore whilst that half of her which 
is towards the sun is enlightened, the other 
half must be dark and invisible. Hence she 
iccsaantly varying her appearance j some- 
times she looks full upon us, and her visage 
IB all lustre ; sometimes she shews only hsdf 
her enlightened face, soon she appears as a 
radiant crescent, in alittle time all her bright- 
ness vanishes, and she becomes a beamless 
orb. The Jiill Taoon^ or opposition, is that 
state in which her whole disk is enlightened, 
»nd we see it all bright, and of a circular figure. 
The new moon is when she is in conjunction 
with the sun ; in this state, the whole surface j 
turned towards us is dark, and is therefore A 
invisible to us. The first quarter of the moon^ 
the appears in the form of asemWirt^ei^NVcft*^ 
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circumference is turned towards the west. 
At the last quarter she appears again under 
the form of a semicircle, but with the circum- 
fereuqe turned towards the east. These pha- 
ses may be illustrated In a very pleasing man- 
ner, by e^poaing an ivory ball to the suh, in 
a variety of positions, by which it may pre- 
sent agreater or smaller part of its illuminated 
surface to the observer. If it be held nearly 
in opposition, so that the eye of the observer 
be almost immediately between it and the 
sun, the greatest part of the enlightened side 
will be seen j but if it be moved in a circular 
orbit, towards the sun, the visible enlightened 
part will gradually decrease, and at last dis- 
appear, when the ball is held direcdy towards 
the sun. Or to apply the experiment more 
immediately to our purpose ; if the ball, at 
any time when the sun and moon are both 
visible, be held directly between the eye of 
the observer and the moon, that part of the 
ball on which the sun shines, will appear ex- 
actly of the same figure as the moon itself. 
The moon has scarce any difference of 
seasons ; her axis being almost perpendicuT 
lar to the ecliptic. What is very singular, 
one half of her has no darkness at all ; the 
earth constantly affording it a strong light in 
the sun's absepce ; while the other, half has a 
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ight's darkness and a fortnight's light by 
turns. 

Our earth is a moon to the moon, waxing 
and waning regularly, but appearing thirteen 
times as big, and affording her thirteen times 
as much light, as she does to us. When she 
changes to us, the earth appears full to her ; 
and when she is in her first quarter to us, the 
earth is in its third quarter to her ; and vice 
versa. 



Of Eclipses — ^When any of the heavenly bo- 
dies is obscured or darkened by the shadow 
of another falling upon it, or by the inter- 
position of any body, it is fiaid to be eclips- 
ed. 

An eclipse of the moon is, when the earth, 
being between the sun and the moon, hjinders 
the light of the sun from falling upon and be- 
ing reflected by the moon. If the light of 
the sun is kept off^ from the whole body of 
the moon, it is a total eclipse ; if from a ■ 
part only, it is a partial one. 

An eclipte of the sun is, when the moon, 
being between the sun and the earth, hinders 
the light of the sun from coming to ub. If 
the moon hides from us the whole body of 
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'sun, it is 3 total eclipse ; if not, a pattial 
one. 

The eclipses of the sun and the moon, 
though expressed by the same word, are in 
nature very different ; the sun, in reality, 
loses nothingof his native lustre in the great- 
est eclipses, but is all the while incessantly 
Bending forth streams of light every way 
around him, as copiously as before. Some 
of these streams are, however, intercepted, 
in their way towards our earth, by the moon 
coming between the earth and the sun ; and 
the moon having no light of her own, and re- 
ceiving none from the sun on that half of the 
Slobe which is towards our eye, must appear 
ark, and make so much of the sun's disk ap- 
pear so, as is hid from us by her interposi- 
tion. What is called an eclipse of the sun, 
is therefore, in reality an eclipse of the earili, 
which is deprived of the sun's light, by the 
moon's coming between, and casting a sha- 
dow upon it. The earth being a globe, only 
that half of it, which at any time is turned to- 
wardx the sun, can be enlightened by him at 
that time ; it is some part of this enlightened 
half rtf the cnrth that the moon's shadow falls 
un 111 avolnr eclipse. 
. In any year the nuifther of eclipses of both 
■"■"'■ttricn cannot be less than two, nor more 
Ktlipnei of the Bun aie. mote ftt- 
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[ecliptic limits are greater than the n 
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Aan of the suti, because eclipses of the moon 
are seen from all parts of that hemisphere of 
the earth which is next them, and are equally 
\ great to each of those parts ; but the sun's 
I eclipses are visible only to that small portion 
■ of me hemisphere where the moon's shadow 
; falls. 

j An eclipse of the moon can never happen 
but at the time of full moon. 
An eclipse of the sun always begins on the 
! western, and ends on the eastern, side ; be- 
j cause the moon, moving in her orbit from 
west to east, necessarily first arrives at and 
toaches the sun's western limb, and goes off 
I at the eastern i that of the moon commences 
I at the eastern, and ends at the western. 
[ TTie satellites, or moons, are often eclips- 
ed by the planets to which they belong. 

A diffk is the 1 2th part of the sun or moon's 
diameter, and is a term often used in speak- 
ing of eclipses. The disk of the sun or moon 
is its round face, which on account of the 
great distance of the object appears flat. 
iTlie edge or border of the disk is called the 
Jimb. 

The imviersiari of a htavenly XioA^i ^^ "^^^ 
time when an eclipse begins ; via cmeisiiu^^ 
^^U.bcs'ias to j-e-appear. , 



OF THE FIXED STARS. 

NO part of the universe affords such e 
alted ideas of the structure and magal&ceace 
of the heavens, as the consideratioa of the- 
number, magnitude, nature, and distance, of 
the fixed stai^. We admire indeed, with pro- 
priety, the vast bulk of our own globe ; but, 
when we consider how much it is surpassad 
by most of the heavenly bodies, what a point 
it degenerates into, and how little more eveit 
the vast orbit in which it revolves would ap- 
pear, when seen from some of the fixed stars, 
we begin to conceive more just ideas of th^ 
estcnt of the universe, and of the infinity of 
creation. 

The fixed stars comprehend all the celesliaL 
objects, excepting the sun, the moon, and thfc 
planets, and some comets which now and then 
appear. , 

The stars, on account of their apparetitly 
various magnitudes have been distributed into 
seyeral claases or orders. TKosc vjVvtKajg- 
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irgest, arc called stars aflhefirsl mag- 
; the nexl to them in lustre stars of 
Second magnitude ; and so on to the sixth, 
trhich are the smallest that are visible to the 
bare eye. This distribution having been 
made long before the in\-ention of telescopes, 
the stars which cannot be seen without the 
asaistiuice of these instruments, are distin- 
guished by the name of telescopic stars. 

They are likewise distinguished, witli re- 
gard to their situation, into astrrisms or con- 
slillationi ; which are nothing but assemblages 
of several neighbouring stars, considered as 
constituting some determinate figure, as of 
sn animal, he, from which it is therefore de- 
mmisBted. 

The number of constellations in the nor- 
(beni hemisphere is 36 ; in the southern 32 ; 
and it) the ecliptic 12. Those stars which 
BK not included in the constellations, are call- 
td unformed stars ; those clusters of stars 
which arc so distant as not to be distinctly 
seen, are, from their cloudy appearance, com- 
prized under the name of nebula:; and that 
U^t-coloured irregular circle or band which 
encompasses theheavens, and is distinguisha- 
Ue from the etherjal blue by its brilUfmcy ; 
that shining zone, which owes its splendour 

K innumerable stars of which it is formetl, 
A/Vft passes through many ot "A 
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stellatioiis in its ample range, is called the 
Galaxy^ the via lactea, or the miliy -way. 

The idea of classing the stars under wdl 
known forms probably originated with the 
Egyptian shepherds, who during the silunt 
watches of the night (as they slept in the open 
air) had no other objects to contemplate than 
those which the starry heavens presented ; 
among these, assisted by the powers of a fer- 
tile imagination, they discovered a distant 
resemblance of such things as they were 
most familar with. The shepherds thus con- 
ceiving the figures of things in the firmament, 
the poets embellished the illusion with the 
fictions of mythology, tilHhe heavens were^ 
as it were, filled with these imaginary crea- 
tures, and these were increased in after ages, 
and served astronomers in their accounts Of 
the starrj- heavens, as the present divisions of 
the earth help geographers in the description 
of the globe. 

The twelve constellations which surround 
the ecliptic, commonly called the twelve sigmi 
of the zodiac, are the following ; — Aries the 
Ram, Taunii the Bull, Gemini the Twins, 
Cunccr the Ci-ab, Leo the Lion, I'irgo the 
Virgin, Libra the Balance, Scurpio the Scor- 
pion, Sagittarius the Archer, Capricornua 
ihc tJoat, A^uorlvs the A^'atcr-hearcr, and 
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Pisces the Fishes ; and they arc noted on 
globes, &c. in the following manner ; — 



The former aixare called northern, and the 
latter southtrn signs ; because the former 
possess that half of the ecliptic which lies to 
Ae northward of the equintictial ; and the 
latter that wtiich lies to the southward. The 
aorthem are our summer signs, the southern 
our winter ones. 

As these twelve signs answer to the twelve 
months in the year, it is a very probable con- 
jecture that the figures under which they are 
represented arc descriptive of the seasons of 
the year, or months, in the sun's path ; thus, 
the first sign Aries, denotes, that, about the 
time when the sun enters that part of the 
ecliptic, the lambs begin to follow the sheep ; 
that on the Sun's approach to the second con- 
stellation, Taurus the Bull, is about the time 
of the cows bringing forth theiryoung, TJie 
dltrd sign, notv Gemini, was originally two 
kids, and signified the time of the goats bring- 
ing forth their young, which are usuaWv vwo 
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at It birth, while the former, the sheep and 
cow commonly produce only one. The 
founh sign. Cancer, the Crab, an animal that 
goes side-ways and backwards, was placed at 
the northern solstice, the point where the sun 
begins to return hack again from the north 
to the southward. The fifth sign, Leo the 
Lion, as being a ver\' furious animal, was 
thought to denott; the heat and fury of th< 
burning sun, when he has leit Cancer, and 
entered the next sign Leo. The succeeding 
constellation, the sixth in order, received the 
sun at the lime of -ripening com and ap- 
proaching han-est ; which was aptly expresa- 
ed by one of the female reapers, with an ear 
of com in herhanil, viz. Virgo, tlie Maid. 
The ancients gave to the next sign, Scorpio, 
two of the twelve divisions of the zodiac ;^ 
autumn, which affords fruits in great abuQ- 
dance, affords the means and causes of dis- 
eases, and the succeeding time is the moat 
unhealthy of the year ; expressed by this 
venemous animal, here spreading out 
his long claws into one sign, as threaten- 
ingmischief, and in the other brandishing his 
tail to denote the completion of it. The fall 
of the leaf was the season of the ancient hunt- 
ing; for which reason the stars which mark- 
ed the aun's place at this season. Into the con- 
stellation Sagittar); a huntsman \vl\h his a.r- 
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Band his club, the weapons of destruction 
for the large creatures he pursued. The 

• TCBSon of the Wild Goat's being chosen to 
mark the southern solstice, when the sun has 
attained bis extreme limit that way, and be- 
gins to return and mount again to the north- 
ward, is obvious enoirgh ; the character of 
that animal being that it is mostly climbing, 
and ascending some mountain, as it browses. 
There yet remain tivo of the signs of the zo- 
diac to be considered with regard to their ori- 
gin, viz. Aquarius and Pisces. As to the 
former, it is to be considered that the winter 
is a wet and uncomfortable season ; this there- 
fore was expressed by Aquarius, the figure 
of a man pouring out water frcm an urn. 
The last of the zodiacal constellations was 
.Ksces, a couple of fishes tied together, that 
Iculbeen caught ; the lesson was, The severe 
season is over : your flocks do not yet yield 
their store, but the seas and rivers are open, 

.and there you may take fish in abundance. 

, 'With respect to the distances of the fixed 
Etars, they are so extremely remote that wc 

.bare no distances in the planetary system to 

<COin[>are to them. 

ii The distance of the star Draconis (a starof 

(the fifth magnitude)apptars, by Dr. Bradley's ■ 

[«bflervations, cobe at least 400,000 titwve?, ■;!£«». 

tofthe SUV, and the distance o£ v\ve uewccw, 
E2 
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I fixed xur not less than 4O,0OO diametersQ 

I ihr earth's annual orbit; that is, the dis-< 

tnnce from the earth, of the former at least 

3«,O00,0OO,(K)O,0OO miles, and the latter not 

' Icaa iltaii 7.000,000,000,000 miles. Astheae 

I diHtnnccs are immcnBely great, it may both he 

ninusing, undhelptoa clearer and more &iai< 

liar idea, to compare them with theveloci^of 

aome moving body, by which they Hiay \ 

mi-aaurcd. 

I The swiftest motion we knew of, is that of 

' light, which jiiissc-.s from the sun to the carlb 

' in about eight minutes ; and yet this would he 

I above n\x years traversing the first space, and 

near a year and a quarter in passing from the 

nearest fixed star to the earth. Bat a can-] 

' ti»n-bu11, moving on a medium at the cate' 

of about twenty miles in a minute, would 

I be 3,800,000 years in passing from Dracooia 

to the earth, and 7G0,000 years passing from 

I the nearest fixed siar. Sound, which moves 

I at the rate of about thirteen miles i 

t nuto, would be 5,6()0,O00 years trave 

[ former distance, and 1,128,000 in passing 

through the latter. The celebrated ,Hiiy- 

gens pursued speculations of iliis kind so far, 

' IIB to believe it not impossible, that there may 

I he stars at such inconceivable distanees, that 

their light has rot yet reached the earth since 

I 'he creniion. 
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I Though the number of the stars appears to 
Se imniensely great ; yet have astronomers 
Jing since ascertained the number of such as 
^re visible to the eye, which are much fewer 
litan at first sight could be imagined. Of the 
JOOO contained in Flamstead's catalogue, 
tfiere are many that are only visible through 
a telescope; and a good eye scrcely ever 
xes more than a thousand at the same time 
Ift the clearest heaven ; the appearance of in- 
m^merable more, that are frequent in clear 
winter nights, arising from our sight's being 
^ceived by their twinkling, and from our 
VBSwiug them confusedly, and not reducing 
ibiem to any order. But a good telescope, 
directed indifferently to almost any point of 
the heavens, discovers multitudes that are 
lost to the naked eye ; particularly in the 
milky way. And F. de Kheita affirms, that 
lu.' has obsei-ved above 200O stars in the sin- 
j^ constellation of Orion. The same au- 
Utor found above I8S in ihe Pleiades. Ga- 
lileo found eighty in the space of the belt of 
a "ion's sword, iwenty-one in the nebulous star 
his head, and above 500 in anothtr pari of 
m, -within the compass of one or two de- 
Klj-es of space, and more than forty in the ne- 
bplous star PrefEsepe, and the recent dis- 
cc .cries of Vi: Hersclicl U'Avc 'jtov'i^ 
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fixed stars to be immense, their regions 
bounded, and perhaps infinite '. 

As the stars, contrary to the moon _ 
planets, shine like our sun, by their own aj 
tive light, astronomers suppose that each of 
them is a sun, with its system of inhabited 
worlds revolving round it. Under this ides 
or persuasion, oF how innumerable a familji' 
do we seem to make a part ! The immensity 
of the universe becomes peopled with fellow 
beings, and we feel an interest in what ;U>- 
pears to be going on at distances so vast, tMt< 
what we see, as in time present, we harC 
reason to believe (swift, inconceivably awfft^ 
as is the progress of light, darting from the 
spheres) must have happened many ages ago. 
Under the idea of the universe being replen- 
ished with human beings, how magnificent, 
how awful, are the spectacles that present 
themselves to the observer of the heavens ! 
The creature of a da} , of a few fleeting mo- 
ments, seems to obtain a glimpse of anew 
creation, a glimpse of the end of time, in the 
passing away of a system. 

What an amazing conception, if hunjan 
imagination can conceive it, does this giveof 
the works of the Creator ! Thousands of 
thousands of suns, jnultiplied without tud, 
and ranged all around us, at immeiise ijis- 
tances from each other, attended Xi^j Xc^'SclOm- 
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i times ten thousand worlds, all hung 
•e, as it were, in boundless space.— upheld 
nothing, confined by nothing, — ^yet pre- 
yed in their rapid course, csdm, regular, 
harmonious, invariably keeping the paths 
gned them by the sovereign Artificer. 



'. THE EARTH CONSIDEREB 
A PLANET. 

THE Earth goes round the 
■ashours+g minutes, from an equinox or 
solstice to the same again ; but I'rom aay 
lixed star to the same again, as seen from the 
sun, in 365 days 6 hours and 9 minutes ; thi 
former being the length of the tropicai year^ 
and the latter the length of the sidereal. 

The motion of the earth in common wiA 
tile rest of the planets ahoui the sun, is in the 
order of the signs of the zodiac j that is, from 
west to east. This zone or belt, as has been 
mentioned, goes round the heavei 
Along the middle of it is the ecliptic, or circle 
which the earth describes annually as seen 
from the sun ; and which the sun appears to 
describe as seen from the earth. 

Besides this annual revolution of the earth 
about the sun, in the ecliptic ; the earth ttims 
luuiid upon its own axis in 24 hours. 
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Tlie turningof the earth upon its own axis 
every 34 hours whilst it moves round the sun 
iaayear, we may conceive by the running 
of abowl on a bowling green ; in which not 
only the center of the bowl hath aprogressive 
motion on the gietn ; but the bowl in its go- 
ing forward, from one part of tlie green 
to another, turns roundabout its own axis. 

The turning of the earth 0:1 its ow.i axis, 
makes the difference of day and night ; it be- 
ing day in those parts of the earth, which are 
turned towards the sun ; and night, in those 
parts which are in the shade, or turned from 
the sun. 

The annual revolution of the earth in the 
ecliptic, is the cause of thi; different seasons, 
and of the several lengths of days and nights, 
in every part of the world, in the course of the 
year. 

But before we enter upon the more par- 
ticular illustration of the diurnal and annual 
motions of the earth, together with the differ- 
ent lengths of days and nights, and- all the 
beautiful variety of seasons, depending on 
those motions, it may be necessary to make 
the reader acquainted with the principal cir- 
des of the glbbe, as they wil! greatly assist 
him in comprehending those phenomena. 

This information he may attain sufliciently 
for his present purpose in a qunrter oljjji 
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■or, if he sets the ball of a terrestm^w 
bore biin,or looks at the figure ofU, wne 
Ethcae circles are drawn and named.—. 

f*rht "Poles arc the two extremities of ' 
bth's axis ; or those points where the i 
n»ry line, round which it performs itsd 
f revolutions, meets the earth's surfai 
nt which is directed towards the m 
iinhem pjint of the heavens, being cal 
R t^orth pole ; and that which is direq 
mHnU the most southern point, the st* 
■Ic ; so thnt they are diametrically oppoi 
Kcoch otlicr, and always preserve the sa 
Balive situation. It is also to be observ 
hi these two points have not beenarbitra 
■lumed by geographers and astronoih< 
ftnuswer their particular purposes, as they 
niinted out to us by the nature and const' 
Jpn of the globe, and are easily diatingut^ 
km nil odtcrs. The nearer we appro 
^them, the more we find the earth becoi 
wrrcn and inhoajiitablc ; so that, under 
■les, the cold in so excessive, that tlie go 
Br must be nearly uninhabitable, ] 
Bnc now a circle to be drawn i-ound 
■»be, rxactly In the middle, between th 
■o points, and this will be the E^uat 
nichj propeily speaking, is a great circh 
■ rarth, f/i;it separates iVic T\oix\\e\T\ t 
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Southern hemisphere, and is every where 

at an equal distance from the poles. This cir- 
ete is also do less remarkable, on account of 
its situation than the poles ; the heat being 
here almost as intense as the cold is there. 
Every place ia said to have north or south 
latitude as it is on the nothern or southern side 
of tfiis great circle. 

The Tropics are lesser circles parallel to 
the equator, and each of ihcm is SSj de- 
grees from it : a degree in this sense being 
Ae 360th part of any great cn-cle which di- 
vides the earth into two equsi pju-ts. The 
Dorthern tropic touches the ecliptic at the be- 
ginning of Cancer, and is thence called the 
Tropic of Cuncer ; the southern tropic, touch- 
ing the ecliptic at the; beginning of Capri- 
cora, is therefore called the Tropic of Capri 
com. 

The Arctic ffr-^lc has the ?iorth pole for its 
centre, and is ^ust as far from the north polp ' 
as the tropics 4re from the equator j and the ■ 
^tarctic Circle (hid by the supposed 
ty of the figure) is just as far from the south 
poie, every way round it. 

The^ircles 12. 1.2. 3, 4,&c, arc meridians 
.to allplaces they pass through; and 
fitl^ose thousands more to be drawn, because J 
;ffvWy place that is ever so little toiVic 'e^.^^cttl 
\}f€3tofanv other place, has a dv^eveiA to.wJ 
F 
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I frum that other place. All the meridi- 
. wf nicct in the,polt.-s ; and whenever the sub's 
tenter is passing over any meridian, in tus 
^ipparent motion round the earth, it is mid-day 
■>r noon to all places on that meridian. The 
longitude of a place is its distance east orwest 
Irom the first meritlian, reckoned in degrees, 
minutes, &c. upon the equator. Supposing 
we call the meridian of London the first, it 
will cut the equator in two opposite points at 
the distance of one hundred and eighty de- 
grees each way; and as the equator is the 
Ijouodary which separates the noi thernhcmis' 

ghcre from the southern, so this circle may 
e considered as the boundary' which separates- 
the eastern hemisphere from the Western. 

The braad space lying betiveen the tropica, 
hke a girdle suirounuing the globe, is called 
the Torrid Zone, because the sun is at one 
time or other, perpendicular over every part 
of it, and extremely terrifies or heats it. The 
space between the tropic of Cancer and arctic 
circle is called the North Temptfrate Zone ; 
that between the tropic of Capricorn and the 
antarctic circle, the South Temptrate Zone : 
from their enjoying apiean or moderate de- 
gree of heat; and the two drafiir. s/inccs bound- 
ed by the polar circles are tlie two Frigid 
Zones J so named because of the intense cold 
ti/iich reigns in thoai; regions lU*; gi:t3Xt;^'; 
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part of the year; and they are denominated 
north or south, from that pole which ia in 
die center of the one or the otlif^r ni* them. 

U - 

^^^■rf/tf Seasona fcc. — Nature ia always 
^HHIs in her designs, sublimity and simplicity 
art die striking characteristics of her work- 
manship- From a few simple principles she 
produces the most astonishing effects, anil 
charms us no less by the infinite diversity of 
her operations, than by the skill and contri- 
vance which are manifested in the perform- 
ance of them. Of all the effects resulting from 
her laws none is more simple nor more pleas- 
ing to a philosophic mind than the provision 
(hat is made for the alternate succession of 
dw and night, and the regidar return of the 
seasons. The phenomena depend upon the I] 
most simple and evident principles. We 
have the one merely from the rotation of our 
^obe on its axis, and the other from the 
inclination of that axis to the plane of its or- 
bit. 

The axis of the eanh being inclined 33 1 de- 
grees to the plane of its orbit, make; ' 
ing round the aun, have sometimes one of il 
poles and sometimes the other neavitvthatln* 
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lie absence of the sud's light prodticvs a 
{iropdrtinnatile degree of cold ; hence ihcsca- 
M>t» arc, in the northern and southern parts 
of thr glohc, distinctly marked by diSerent 
dcgrecii nf heat arid cold. It is this annual 
liirnihg of the poleR towards the suti. thatoc- 
baninns thc.xcry long days ia the northern and 
•outhent porta. It is owingio the sam£ causf, 
thai thir Bun aecms to rise higher in the hear 
Vins during Biimmi-r than in winter ; and this 
nltcrnWf Ninklngmid rising ia perceptible over 
the whole globe. 

ItiMtler tuilliistrntc this subject let us now 
take a view of the earth in Its annual courac 
roiiixl ihi- "un, connidering its orbit as having 
I n Ini'lination i and itA axis as inclining 2SJ 
l)cHri'riilii>ni4 line purpcntlicular to the plane 
uflu mhii, and keeping the same oblique dj- 
lYVtlon in uU purtii of itit annual course ; or, 
fM (uinmonly termed, keeping always parallel 
(ft kl«f U'. 

In AV. fl Id .T represent the sun, the four 
l|U>ht:!i the vurih in difTcrent parts of its orbit, 
ivctiivinR from iu changing position the vary- 
ing ■rtiMiiia, A'* ilH nxiN, A'^ its north pole, fits 
kiftuth p<'1p. Aft ii goes round the sun, ac- 
ViuUing to ihcorderofthcsigns of the zodiac, 
' jktixU <Vx keeps the some obliquity, aDdi.4t 
** -fti'ftllet to itself. 
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We shall commence its annual round at tht 
iirst point of Libra; when the sun, as seen 
from the earth will appear to enter Aries. 
At this time, namely the 20lh of March, the 
Sim will be in the equinoctial, and all parts of 
the earth will be equally enlightened from 
pole to pole, and the days and nights equal all 
over the world, for every part comes into the 
light at six in the morning, and goes into the 
dark at six in the evening. As the earth pas- 
sea on in the order of the signs, in about three 
months, viz. on the 21st ofjune, it will arrive 
at the beginning of Capricorn-, and the sun, as 
seen from the earth, will appear at the begin- 
ning of Cancer ; during which time, by the 
inclined position of the earth's axis, the riorth 
pole will have gradually advi^aticed into the 
enlightened hemisphere: so that the whole 
northern pohir circle willbe therein, while the 
soutbem pole is immerged in obscurity ; the 
northern parts of the world will enjoy long 
days, while they arc short in the southern 
parts. In this situation of the tarth the tro- 
pic of Cancer is in the light from five in the 
morning lill seven at night, the parallel of 
London from a quarter before four till a quar- 
ter after eight; and the polar circle Juat 
touches the dark, so that the sun has only the 
r half of his dis!; hid from the inhabitants 

F 2 
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on Uiat circle for a few minutes about mid- 
night. 

After this the days begin to shorten in the 
northern parts of the world, and the nights. 
lengthtn in proportion as the earth advances 
to the first point of Aries, at which it arrives 
on the 23d of September, when the sun, as 
seen from the earth, will appear in Libra. 
On this day the sun will be in the equinoctial 
again, and the days and nichts will again be 
equal all over the globe. As the earth pro- 
ceeds on its orbit from this point, the north 
pole graduallj goes into the dark ; and the 
south pole advances into the enlightened 
hemisphere ; and on the 22d of December, 
■when the earth enters Cancer, and the aun 
appears at Capricorn, the north pole will be as 
far as it can be in the dark, which is 234 de- 
grees, equal to the inclination of the earth's 
axis from a perpendicular to its orbit : and 
then, the northern pnrts are as much in the 
dark as they were in the light on the 2]Bt of 
yune ; the winter nights being as long-as the 
summer days, and the winter days as short 
as the summer nights. 

Thus we see while the earth is moving from 

Libra through Capricorn to Aries, the north 
pole remains in the illuminated hemisphere, 

sd will therefore have six months continual 
But in tJie other h^^^lf year, while thi 
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earth is moving from ^rifs through Ca 
to Libra^ the north pole is turned from the 
aim, and therefore in darkness, but the. south 
pole is in the illuminated hemisphere. Hence 
it is easy to perceive, that the inhabitants of 
the southern hemisphere have the same vicis- 
situdes with those of the northern, though 
not at the same time, it being winter in 
one hemisphere when it is summer in the 
otfier. 

During this annual coui-se of the earth 
there are four days in her orbit particularly 
to be remarked ; these astronomers have dis- 
tinguished by the names of the aolstitial and 
f^ttincctial days. The solstitial days are those 
on which the sun appears moat to the north- 
ward and the southward ; they are our long- 
est and shortest days, and are called the win- ■ 
ter and summer solstices. The equinoctial 
days ai-e those on which the sim appiars in 
the equator, and the days are equal to the 
nights, which is twice in every annual revolu- 
^on of the earth, and are called the autumnal 
and venial equinoxes. 

The earui's annual motion causes an ap- 
parent daily declination of the sun, or in other 
.words, he appears at different distances from 
^eequator everj- diurnal turn of the earth on 
■as. Thus, about the 22d of December, 
the earth is in Cancer, the sun 
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over the tropic of Capricorn jandconsi 
ly, by the earth's rotationon its axis, the inhabi 
tanis of every part of this circle will succes- 
sively have tlie siin in their zenith, or, in othet 
worcls, he will he vertical to them that day at 
noon. About the 20th of March, the earth is at 
Libra, and the sun will then appear in Aries ; 
a central solar ray will terminate upon the 
surface of the earth in ' the equator ; and. 
therefore the sun appears to be carried round) 
in the celestial equator, and is successively 
vertical to those who live under that circle. 
About the 21st of June, when the earth 
Capricorn, a central solar ray terminates on 
the surface of the earth, in the northern tro- 
pic, and for that day the sun appears to be 
carried round in the tropic of Cancer, and is 
vertical to those who live under that circle. 
About the 23d of September, the earth is in 
Ancs, and the sun in Libra, and the central 
solarray again terminates at the equator; con- 
sequently the sun again appears in the celes- 
tial equator, and is vertical to those who live 

We have seen, that, as the sun appears to 
move in the ecliptic, from the vernal equinox 
to the tropic of Cancer, it gets lo the north of 
the equator, or its declination towards our 
pole increases. Therefore, fiom the vernal 
equinox, wh&Ji the daysjand nights are equal, 
'■" * " jtthe tropic o£ C.anc<iT,cii': 
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days lengthen, and our nights shorten 
when the sun comes to the tropic of Cancer, 
it is then in its utmost northern limit, and re- 
turns in the ecliptic to the equator again. 
Diu-ing this return of the sun, its declination 
towards our pole decreases, and consequent- 
ly the days decrease, and the nights increase, 
till the sun is arrived in the equator again, and 
ia in the autumnal equinoctial point, when the 
days and nights will again be equal. As the 
sun moves from thence towards the tropic of 
Capricorn, it gets to the south of the equator ; 
or its declination towards the south pole In- 
creases. Therefore, at that time of year, oui- 
days shorten, and our nights lengthen, till the 
sun arrives at the tropic of Capricorn ; but, 
when the sun is arrived there, it is then 
at its utmost southern limit, and returns in 
the ecliptic to the equator again. During 
this return, its distance from our pole lessens, 
and consequently the days will lengthen, as 
the nights willshorten, till they become equal, 
when the sun is come round to the vernal equi- 
noctial point. 

The earth's orbit being elliptical, and the 
sun constantly keeping in its lower focus, 
which is 1,377,000 miles from the middle 
point of the longer axis, the eardi comes 
twice so much, or 2,754,O0Q nviltes. -»«.■»»« 
the sun at one time ot l.hc'yeax^Qssi.^^^'r" 
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other : for the sun appearing undi 
angle m our winter than summer, proves 
the earth must be nearer the sun in the for- 
mer season than in the latter. How then 
does it happen that we have not the hottest 
weather when we are at the least distance 
from the sun? The earth is above 2,000,000 
of miles nearer to the sun in December than 
it is in June, and yet in June it is the middle 
of summer, and in December the depth of 
winter, which seems a paradox. 

To obviate this apparent contradiction, it 
may be observed that the eccentricity of the 
earth's orbit bears no greater proportion to 
the earth's mean distance from the sun than 
about 1 to 60, and therefore, this small dif- 
ference of distance cannot occasion any great 
variation in the heat and cold of the different 
' seasons. But the principal cause of this dif- 
ference is, that in winter the sim's rays fall 
so obliquely upon us, that any given number 
of them is spread over a much greater por- 
tion of the earth's surface where we live ; and 
therefore each point must then have fewer 
rays than in summer. Moreover, there 
comes a greater degree of cold in the long 
winter nights, than there can return of heat 
in so short days ; and on both these accounts 

told must increase. But in summer the 
rays fall more perpendicularly u^on us. 
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and thereforf come with greater force, and 
m greater numbers on the same place ; and 
by their long continuance, a much greater 
degree of heat is impaned by day than can 
fly off by night, so that the heat, on all these 
accounts, will continue to increase. 

Thus we see by what simple principles the 
bountiful Author of Nature has provided us 
with such a pleasing succession of scenes, — 
summer, winter, spring, and autumn, lead us 
insensibly through the varied circle of the 
year, and are no less pleasing to the mind, 
dian necessary towards bringing to maturity 
the various productions of the earth. Whe- 
ther the sun flames in the solstice, or pours 
his mild effulgence from the equator, wc 
equally rejoice in his presence, and adore 
that omniscient Being who gave him his ap- 
pointed course, and prescribed the bounds 
which he cannot pass. 



ten by the daily motion of die earth the 
sun comes within 18 degrees of the 
horizon, we perceive a faint light begin to 
appear, which increases, and the magnificent 
theatre of the universe opens gradually to 
our view — ^being fully risen, he r\des muSi. 
hjs brightness through the vati\to( \w.aN^" 
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I and approaches the western boundary oiS 

sight, when the light begins to decrease, an 
gradually diminishes till he is 18 degree 
below the horizon, when dark night com 
mences. This intermediate light is callel 
the crepusculum, or the morning and eveninj 
■ tivilighf, 

, As the sun enlightens only one half of ih 

' earth at once as it turns round its axis, hi 

• rises to some places at the same moments o 

I absolute time when he sets to others j ani 

I when it is mid-day to some places, it is mid 

night to others. 

To every place IS degrees eastward fron 

I any given meridian, it is noon an hoursobne 

than on that meridian j because their me ridiai 

comes to the sun an hour sooner : and to al 

j places 15 degrees westward, it is noon ai 

I hour later, because their meridian comes ai 

hour later to the sun, and so on : every 1, 

degrees of motion causing an hour's different 

of time. Therefore they who have noon ai 

hour later than we, have their meridian, tha 

is, their longitude, 15 degrees westward f roil 

us ; and they who have noon an hour soone 

than we, have their meridian 15 degreei 

eastward from ours ; and so for cverj' hour', 

[ difference of time 15 degrees difference o 

Jonj-ituile. Consequently, if the beginninj 

ending of a lunar eclipse be obsetvei^SQ-^ 
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pose at London, to be exacUy at mid-night, 
and in some other place at 1 1 at night, that 
place is 15 degrees westward from the me- 
ridian of London; If the same eclipse be ob- 
served at one in the morning at another place 
that place is IS degrees eastward from the 
said meridian. 



s bFthe Precession of the Equinoxes, ^c.-r~ 
Beside the changes in the length of the days 
already described in the different seasons, 
there is another sort of change, not so obvi- 
ously noticeable. The day and night toge- 
Aer, or, in general, 24- hours, form the natu- 
ral, or solar day ; and this period of time also 
varies in its length. Tlie inequality of the 
, Bolar day is produced by two causes, either 
of which singly would yield the effect; these 
are the obliquity of the ecliptic, and the 
earth's unequal motion therein. The earth's 
motion on its axis being uniform and equal 
at all limes of the year, its days would be 
equal, if its orbit were a perfect circle, and its 
axis perpendicular to the plane of its orbit ; 
but the earth's annual motion In an elliptic 
orbit, causes the sun's apparent motion in the 
heavens to be unequal. When the sun's au- 
nual motion in the heavens ayjeata A<i'«tw., 
G ^ 
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ETw noon, or 12 on the sun-dial, before iijS 
the same hour on a irue-going clock i and 
when quickest, it is 12 by the clock before 
the sun be over our meridian. 

Ahhough the earth be said to complete an 
orbit round the sun in the course of a year, 
it does not return exactly to the place it set 
out from, neither is its circuit completed ex« 
actly in a year. Adopting, therefore, the ap- 
parent motion instead of the real ; if the sun 
set out as from any star, or other fixed point 
. in the heavens, at the moment it is departing 
from the equinoctial, or from either tropic, 
it will come to the same equinox, or tropic 
again, 20 min. 1 7\ sec. of time, or 50 sec. of 
a degree, before it completes its circuit round 
J the heavens, so as to arrive at the same (ixed 
star or point from whence it sets out ; for the 
I equinoctial points recede 50 seconds of a de- 
, gree westward everj- year, contrary to the 
. sun's annual progressive motion. IVis is 
tehat is called the Precession of the Equi> 

When the sun arrives at the same equi- 
' noctial or solstitial point, he finishes what we 
call the tropical ifear ; which, by observation, 
I is found to contain 365 days, 5 hours, 48 mi- 
nutes, 57 seconds : and when he arrives at 
the same fixed star again, as seen from the 
• tianh, he completer the sydereai ycar,-w\v\OQ. 
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coatains 365 days, 6 hours, 9 minutes, 14J 
secOT]ds. The sydereal year is therefore 20 
minutes \7^ seconds longer than the solar or 
tropical year, and 9 miniiles 14^ seconds 
longer than the Julian or civil yctir, which 
We state at 365 days G honra ; so that the 
civil year is almost a. mean hetwixl the syde* 
real and tropicaL 

The anticipation of the equinoxes, and 
consequently of the seasons, is by no means 
owing to the precession of the equinoctial 
and solstitial points in the heavens fwhlch 
can only affect the apparent motions, places , 
luid declinations of the fixed stars) but to the 
difl'erence between the civil and solar year, 
which is 11 minutes 3 seconds j the civil year 
containing 365 dajs, 6 hours, and the solar 
year 365 daj-s, 5 hours, 48 minutes, 57 ae- 

•The above 1 1 minutes, 3 seconds, by which 
_ the civil or Julian year exceeds the solar, 
amounts to 11 days in 1433 j'ears, and so 
much our seasons have fallen back with re- 
spect to the days of the month, since the time i 
of the Niceiic Council in A. D. 3a5,and there- 
fore in order to bring back all the fasts and 
festivals to the days tliMi settled, it was re- 
quisite to suppress 1 1 nominal days. And 
that the same seasons might be kept to the 
fiame times of the year for the l^i^.^^Yc,^.Cl^e.wc. 
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^^W the bissextile-day in February at the end 
of every century of years not divisible by 4; 
reckoning ihtm only common years, as the 
17lh, 18th, and 19th centuries, viz. the years ' 
t700, 1800, 1900, &c. becausea day interca- 
lated every fourth year was loo much, and 
retaining the bissextile-day at the end of 
those centuries of years which are divisible 
by 4, as the 16th, 20th, and 24ih centuries ; 
viz. the years 1600, 2000, 2400, &c. Other- 
wise, in length of time, the seasons would be 
quite reversed with regard to the months of 
the year ; though it would have required near 
23,783 years to have brought about such a 
total change. 

This new form of reckoning was ordained 
by Pope Grfgory, and is therefore called the 
Gregorimi, or the nevi style, and has been 
adopted by aliBOst all the enlightened nations 
of the world ; there are some, however, who 
still reckon according to the old style, viz. 
as if no alteration had been made by Pope 
Qj-egory, 





OF THE AIR AND ATMOSPHERK. 

WE have already considered the earth 
as at planet, or one of the great masses of 
matter moving about the sun ; we shall now 
consider it as it is made up of its several 
parts, abiitracting from its diurnal and annual 
mqiions. 

The exterior part of this our habitable 
world is the air or atmosphere ; a light, thin, 
fluid) or springy body, that encompasses the , 
solid earth on all sides, and partakes of all 
its motions, both annual and tfiumal. 

The composition of that part of our atmos- 
phere properly called air, was till lately but 
very litilu known. Formerly it was suppos- 
ed to be a simple, homogeneous, and elemen- 
tary fluid. But the experiments of Dr. 
Priestley and others have discovered, that 
even the pi rest kind of air, which they c^ 
vital or dephlogistlcated, is in rtality a com- 
" poiwd, and might be artificially produced in 
■various Riirs. This depKloswx\tM.t^ -iv^, 
G2 
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lowcver, is but a small part of the compost: 
tion of our atmosphere. By accurate expe- 
riments, the air we usually breathe, is com- 
posed of only one-fourth part of this dephlo- 
gisticated air, or perhaps less, the other threft 

{larts, or more, consisting of what Dr. Priest- 
ey calls pklogisticated, and M. Lavoisier, in 
the new chemistry, mefihicic, air, which can- 
not be breathfld, and in which animals die. 

Though air seems to be a kind of reposi- 
tory, wherein all the poisonous effluvia aris- 
ing fi-om putrid and corrupted matters are 
lodged; yet it has a wondtrful facility of 
purifying Itself, and of depositing those ya- 
pours contained in it; so that it never be- 
comes noxious except in particular places, 
and for a short time ; the general mass re- 
maining upon all occasions pretty much the 
same. The way in which this purification la 
effected is different, according to the nature 
of the vapour with which the air is loaded. ^ 
Thil which moat universally prevails ts 
WRtf 1' ; and from cxperintents it appears, that 
the qii^mtity of aqueous vapour contained in 
tho atinoHplicre is immense. Dr. Halley, 
from nn experiment on the evaporation from 
A fluid mrfHcc h«»ted to the same degree 
with ihrit ffivcn iiy ov meridian sun, has r.al- 
tolaH'tii lh4t tlio dVHporation from the Medi- ' 
fetnUirAii Sm in S summer'a day \a s-^aa 
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IB of tuna of water, which is more t^an I 
' it receives from all the nine large rivers that i' 
' empty themselves into it. Dr. Watson, in J 
his Chemical Essays, has given an account of 
some experiments made with a view to de- 
termine the quantity of the waterraised from i 
the eaith itself alone in time of drought. He 
inForms us, that when there had been no rain 
for above a month, and the grass was become 

?|uite brown and parched, the evaporation 
irom an acre was not less than 1600 gallons ' 
in twenty-four hours. Making afterwards 
two experiments, when the ground had been | 
wetted by a thunder- shower the day before, 
the one gave 1973, the other 1905 gallons, 
in twelve hours. From this the air is every 
moment purified by the ascent of the vapour, 
which, flving off into the clouds, thus leaves 
room for the exhalation of fresh quantities ; j 
so that as the vapour ia considerably lighter 
than the common atmosphere, and in conse- 

auence ascends with great velocity, the air |. 
uring all this time is said to be dry^ not- j 
withstanding the vast quantity of aqueous 1 
fluid that passes through it. 

In the physical economy also, another pro- 
vision is made for the continual renovation J 
I of the atmosphere. Plants derive subsis-J 
I tence from the very air thai Va utvtv ^ox ot 
' mal life, and in return, aWuaiVy emiix "t 
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vital or dephlogistlEated air, upi 
ment of which the latter depends. Thus 
see a constant circulation of benefits main- 
tained between the two great provinces of 
organized nature. The plant purifies what 
the animal had poisoned ; in return, the con- 
taminated airismore than ordinarily nutriti- 
ous to the plant. Agitation with water appears 
to be another of these restoratives. The' 
foulest air shaken in a bottle with water liar 
a sufficient length of time, recovers a greaf^ 
degree of its purity. Here, then again, al-' 
lowing for the scale upon which nature worka, 
we see the salutary effects of j/ormi Audtem- 
pests. The yesly waves, which confound 
the heaven and the sea, are doing the very 
thing which is done in the bottle, and are i 
perpetual source of freshfless to our atmos' 
phere. 

The atmosphere, as we have seen, contains 
a great deal of water, together with a vast 
heterogeneous collection of particles raised 
from all bodies of matter on the surface of 
the earth, by effluvia, exhalations, &c. so that 
it may be considered as a chaos of the parti- 
cles of all sorts of matter confusedly mingled 
together. And hence the atmosphere has 
been considered as a large chemical vessel, 
in which the matter of all kinds of sublunary 
bodies is ropioiisly floating ; ai«i thus expos- 
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ed to the continual action of that immense 
surface, the sun ; from whence proceed inna- 
merable operations, sublimations, separations, 
c<Hnpositions, digestions, fermentations, pu- 
trefactions, Sic. 

There ia, however, one substance, namely, 
electrical fluid, which is very distinguish- 
: the mass of the atmosphere. To mea- 
Je absolute quantity of this fluid, either 
■atmosphere, or any other substance, is 
ps impossible: and all that we know on 
ttis subject is that the electric fluid pervades 
the atmosphere ; that it appears to be more 
abundant in the superior than the inferior re- 
gions J that it seems to be the immediate bond 
of connection between the atmosphere and, 
the water which is suspended in it ; and that, 
by its various operations, the phenomena of 
the meteors are occasioned. 

It is the opinion of the most celebrated phi- 
losophers ot the present day, that the electric 
fluid ia no other than the light of the sun ; that 
it issues from that luminary in the pure state 
of electricity, that joining the particles of our 
atmosphere, it becomes ^i^f't, and uniting 
with the grosser earth ^re. — The evaporation 
of water is attended with an absorptifcn of this 
from the surface of our globe, and, on 
"lier hand, the conversiot^ of ste-awi TOMa 
is attended with a deposition ol'^^ 
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siibtile fluid ; so that there is a circulation in 
the electric fluid a^ there is in the water, 
descends originally from the sun ; pervadi 
the whole substance of the globe ; and pe^ 
spiring, as it were, at every pore, ascends be> 
yond the clouds ; and, passing the extreme 
boundaries of our atmosphere, returns to thp 
sun from whence it came. 

The uses of the atmosphere are so man] 
and great, that it seems indeed absolutef 
necessary, not only to the comfort and con- 
venience of men, but even to the existence 
of all animal and vegetable life, and to th( 
very constitution of all kinds of matter what- 
ever, and without which they would not be 
what they are ; for by it we live, breathe, and 
have our being ; and, by insinuating itself in- 
to all the vacuities of bodies, it becomes tht 
great spring of most of the mutations here be- 
low, as generation, corruption, dissolution, 
&c, and without which none of these opera- 
tions could be carried on. Without the at- 
mosphere, no animal could exist, or indeed 
be produced j neither any plant, all vegeta- 
tion ceasing isithoiil its aid ; there would be 
neither rain nor dews to moisten rtie face of 
the groi.,1.1; and, though we might perceive 
the sun and stars like bright specks, we should 
he in utter darkness, having none of what W( 
iftiay'light, or even twilight-, nor would ei' 
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fire or heat ejtist "(vithout it. In shcA^ 
thenature and constitution of ail matter would 
be changed and cease ; wanting this univw- 
H^ "btb^ find constituting principle. 

A& to the weight and pressure of the air, 
it is evident that the mass of the atmosphefe, 
in common with al! other matter, muSthe en- 
dowed with weight and pressure ; and this 
principle was asserted by almost all philo- 
sophers, both ancient and modem. But 
it was only by means of the experiments 
mUde with pumps and the barometrical tube, 
bf Oalileo knd Torricelli, that we came to the 
jJtboT, Hot only that the atmosphere is endued 
wiA a pressure, but also what the measure 
and quantity of that pressure are. Thus it is 
found, that the pressure of the atmosphere 
Sustains a column of quicksilver, in the tube 
of the barometer, of about thirty inches in 
height ; it therefore follows, that the whole 
Jiressure of the atmosphere is equal to the 
traigbt of a column of quicksilver, of an equal 
banr, and thirty inches height : and because 
■ ctibical inch of quicksilver is found to 

Ji nearly half a pound avoirdupoise, there- 
the whole thirty inches, or the weight of 

atmospiicre on every square inch of sur- 
ts equal to 15lb. Again, it has beea 

id that the piessure of the atmoai^exa 
!, In tile case of pumpa, fete a co\\itt«t 
ofabout 34i feet \ugVv ; anA- '^^ 
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bical foot of water weighingjust 1000 ounces^ 
or62'lb. 34-1 times 624, or 21581!). will be the 
weight ol the column of water, or of the at- 
mosphere, on a base of a square foot; and 
consequently the 144lh part of this, or 1 5lb, is 
the weight of the atmosphere on a square 
inch ; the same as before. Hence Mr. Cotes 
computed, that the pressure of this ambient 
fluid on the whole surface of the earth, is equi< 
valent to that of a globe of lead of sixty miles 
in diameter. And hence also it appears, 
that the pressure upon the human body must 
be very considerable ; for, as every square 
inch of surface sustains apressure of 15lb. 
every square foot will sustain 144 times as 
much, or 2]fiOlb. then if the whole surface 
of a man's body be supposed to contain 6fteea 
square feet, which is pretty near the truths 
he must sustain, 15 times 2160, or 324001b. 
that is, near 14J tons weight for his ordinary 
load. By this t-normous pressure we should' 
undoubtedly be crushed in a moment, if alf 
parts of our bodies were not filled either with) 
air or some other elastic fluid, the spring of 
which is just sufficient to counterbalance the. 
weight of the atmosphere. But, whatever 
this fluid may bf, it is certain, that it is just 
able to coimteract the weight of the atmos- 
phere, and no more : for if any considerable 

pressure be superadded to that of tht air, ; 

' 'ff^ing into deep water, oi t\tc VNVei'A'a 
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rverely felt, let it be ever so equable, 
at least ivhen the change is made suddenly ; 
and if, on ihe other hand, the pressore of the 
atmosphere be taken off from any part of the 
human body, as the hand for instance, when 
put over im open receiver, from whence the 
air is afterward^ extracted, the weight of the 
external atmosphere then prevails, and we 
imagine the hand strongly sucked down into 
the glass. 

The difference in the weight of the air 
which our bodies sustain at one time more 
than another, is also verj- considerable, from 
the natural changes in the state of the atmos- ' 
phere. This change takes place chiefiy in 
countries at some distance from the equator ; 
and, as the barometer varies at limes from 
tweflty-eight to thiity-onc inches, or about 
one-tenth oi the whole quantity, it follows, 
thai this difference amounts to about a ton 
and a half on the whole body of a man, which 
he therefore sustains at one time more than 
at another. On the increase of this natural 
weight, the weather is commonly fine, and 
we feel ourselves what we call braced, and 
more alert and active ; but, on the contrary, 
when the weight of the air diminishes, the 
weather is bad, and people feel a listlessness 
and innctivitv about them. And hence it ia 
no wonder, that persons swffev \eT\- trw-cV "itv 
H 
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Eneir hcsdth, from auch changes iatfacaunos- 
phrtc, especially when they take place very 
suddenly. 
I The wti^t of the atmosphere has great in- 

I fluencc on a number of physical phenomena. 
I It comprewes all bodies, and opposes their 
dilatation. It ia an obstacle to the evapora- 
tion of fluids. The water of the sea is 1^ this 
CKtine preserved in its liquid state, without 
which It would take the vaporous form, 39 
wc sea in the vacuum of the air pump. The 
prcMure of the airon our bodies preserves the 
fltotc both oi the solids and fluids ; and from 
I the wtintol'thia due pressure it is that on the 
1 NUmmitn of lofty mountains the blood often 
WsucH from the ports of the skin, or from the 
\wn. 

Vnno»!i attempts have been made to ascer- 

I min the fififfftt to which the atmosphere is es- 

, tended nil round the ciirth. I'hesecommenc- 

I »d Mwn nftcr it was discovered, by means of 

iho Ti>rrieelti»n lube, that air is endued with 

wrlulil nnd premurc. And had not the air 

[ «U plHdtic nowiT, but were it every where of 

I tllo ""«U»c iff riWfj/, from the surface of the earth 

• m ihp extreme limit of the atmosphere, like 

WM«i\ which in etpially dense at all depths, it 

WOUltl ht> n very exsy matter to determine its 

t V/Jf))t '^'11' ^t* density and the column of 

fi^PPUry it WOllIll counterbalance m iVe^ia.. 

^VQIVlt^t lubpL £ai\ il hnving been ctosetieA. 
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tliat the weight of the atmosphere is equiva- 
lent to a column of thirty inches or 2" feet of 
quicksilver, and the density of the former to 
that of the latter, as 1 to 11040 ; therefore 
the height of the uniform atmosphere would 
be 1 1040 times 2^ feet, that is, 27600 feet, 
or little more than 5-j miles. But the air, 
by its elastic quality, expands and contracts ; 
and it being found, by repeated experiments 
in most nations of Europe, that the spaces 
it occupies, when compressed by different 
weights, are. reciprocally proportional to those 
weights themselves ; or, that the more the 
air is pressed, so much the less space it takes 
up ; it follows that the air in the upper regions 
of the atmosphere must grow continually 
more and more rare, as it ascends higher ; and 
indeed that, according to that law, it must 
necessarily be extended to an indefinite height. 
At the height of 3; miles the density of the 
atmosphere is nearly 2 times rarer than it is 
at the surface of the earth ; at the height of 
seven miles, 4tiinesrarer; andsoon, accord- 
ing to the following table. 
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If Ai in miles. Number of times rarer, 

> 2 

4 

16 

64 

S»s 256 

33 102+ 

42 4096 

49 16384 

56 65536 

63 262U4 

70 1048576 

By pursuing these calculations, it might be 
easily shewn, that a cubic inch of the air we 
breathe would be so much rarefied at the 
height of 500 miles, that it would fill a sphere 
equal in diameter to the orbit of Saturn* 
Hence we may perceive how very soon the 
air becomes so extremely rare and light, as 
to be utterly imperceptible to all experience ; 
and that hence, if all ihe planets have such at- 
mospheres as our earth, they will, at the dis- 
tances of the planets from one another, be s6 
extremely attenuated, as to give no sensible 
resistance to the planets in their motion round 
thesun for many, perhaps hundreds or thou- 
sands of ages to come. Even at the height of - 
about fifty miles, it is so rare as to have no , 
sensible effect on the rays of light. 
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Mr. Boyle in his physico-mechanical ex- 
periments concerning the air, declares it pro- 
bable that the atmosphere may be several 
hundred miles high ; which is easy to be ad- 
mitted, when we consider, what he proves in 
another part of the same treatise, viz. that 
the air here about the surface of the earth, 
when the pressure is taken from it, dilates 
into 10,000, and even at last into 13,679 times 
its space ; and this altogether by its own ex- 
pansive iForce, without the help of fire. In 
fact, it appears, that the air we breathe is 
compressed by its own weight into at least 
the 13,679th part of the space it would pos- 
sess in vacuo. But, if the same air be con- 
densed by art, the space it would take «p when 
most dilated, to that it possesses when con- 
densed, will be, according to the same au- 
thor's experiments, as 550,000 to 1. 

Our direct experiments, however, not 
reaching to any great heights into the regions 
of the atmosphere, and not knowing how far 
air may be expanded, we are incapable of de- 
termining to what height the atmosphere is 
actually extended. 
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OF THE METEORS, 

WE have seen that the atmosphere is a 
vast laboratorj', in which nature operates im- 
mense analyses, solutions, precipitations, and 
combinations ; it is a grand receiver, ia 
which all. the attenuated, volatilized produc- 
tions of terrestrial bodies are received, min- 
gled, agitated, combined and separated. Coa- 
sidered in this view, the atmospheric air ia a 
chaos, ;.n indeterminate mixture of mineral, 
vegetable, and animal effluvia, which die 
electric fluid is pervading and traversing con- 
tinually. The grand changes it experiences, 
and of which we are sensible in extensive 
spaces by the appearance of water, light, or 
noise, are called meteors. As the state of the 
atmosphere is ever varying, the meteors as- 
sume different forms ; some delighting u! 
with their appearance, while others wear a 
terrifj"ing aspect. In this repository are col 
lected the gentle flew and hoar-frost ; her* 
clouds are gathered and carried along by the 



METEORS. 91 

refresh the earth in falling showers, 

to rivers, spread vast Inundations of 

over the fields, or lay them under a 

ig of snow or hail ; here mock -suns, 

■BOck-moons, halos, and rainbows make their 
gaudy but transitory appearance ; and here 
the water-spout, dreadful to the mariner ; 
here rolls the awful thunder, here light- 
nings dart their vivid flames, and sometimes, 
striking upon the earth, destroy its produc- 
tions, fill its inhabitants with terror, and some- 
times, strike them dead ; here the aurora:, or 
streamers, the ignes fatui, or wandering fires, 
caBed also Jack with the Lantern ; here falling 
stars, as they are ignorantly termed, or fiery 
balls of various sizes, appear with splendour 
during the gloom of night, and astonish man- 
ic nd, who too often seem willing, with super- 
stitious awe, to find portentous omens of dire 
I calamities in these curious phenomena, rather 
f iJian Investigate. theircaiises,ordiscovertheir 
uses. 

To account for these various appearances 
in ft satisfactory manner, it is plain that we 
ought to have an intimate acquaintance with 
the constitution of the atmosphere ; with the - 
nature of those powerful agents by which i^^ 
appears to beprincipallv influenced, viz. ftra^| 
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light, and electric fluid; and with their^ _ 
culiar modes of operation and action upon one 
another and upon the atmosphere, and this in 
every possible variety of circumstances. 
Nor is even all this sufficient : the varioti& 
phenomena of rain, wind, snow, thunder, 
heat, cold, Btc. are known to depend very 
much upon the situation of different places on 
the surface of the earth ; and their occasional 
variations are with great reasaa suspected ta 
proceed, partly at lea^t, from changes which 
take place in the bowels of the earth : whence 
we ought not only to be perfectly well ac- 
quainted with geography, hut with mineralo- 
gy also ; and that to an extent at which hu> 
man knowledge will probably never arrive. 

In a subject so very difficult, it is not to fc^ 
supposed that any thing like a certain and es- 
tablished theory can be laid down in this lit- 
tle elementary work. As evaporation ho»'- 
ever, seems particularly to bp concerned ir. 
the production of the meteors, we shall take 
a view of that operation of niiture, ihe extent 
of which we have noticed in the preceding 
chapter. This process may be reckoned in a 
pnrticular manner the effect ofheat. Upon this 
prini'iplc vapour is shown to be a compound 
of wnleriiudhrc; and such it is supposed to be 
Uy nhiluNnphcrsofthe highest rank. Inconsi- 
fiertlig tU\» opcxntion, however, as carried on 
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nature, we shall soon find, that it proceeds 
inamanner very different from what takes 
place in our chemical operations. In the latter, 
evaporation is merely the eflFcct of heat ; and 
the process cannot go on without a con- 
siderably degree of it. In the natural way, 
on the contrary, the process goes on under 
almost every degree of cold we know ; the 
vapours ascend to a height which has never 
yet been determined ; and, from the extreme 
cold which they sustain, show evidently that 
they are connected with our atmosphere by 
means of some other agent besides heat. 
From the continual ascent of vapour indeed, 
if the operations of nature were of the same 
kind with those of art, the upper parts of our 
atmosphere woi.Jd be idways involved in a 
fog, by reason of the condensation of the vast 
quantity which continually ascends thither : 
but so far is this from being the case, 
that in those elevated regions to which the 
vapours continually ascend, the air is much 
drier than at the surface of the ground. 

From many experiments, indeed, it is evi- 
dent, that water, after being reduced into a 
nate of vapour, is capable of undergoing a 
Ctrta'm change, by which it lays aside its 
fluidity entirely, and even to appearance its 
■pecitic gravity; so that it becomcs^as twt as. 
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we can judge, a substance totally dHfert 
from what it was before. After water I 
attained to this state, our enquiries concej 
ing it must in a grtat measure cease ; bud 
it is not in the immediate product of eva| 
ration that rain has its source, and asrVKpo4| 
change their nature in the atraoBphere, soj 
to be no longer sensible to the hygrometerJ 
to the eye, and do not become vapour asj 
till clouds appear, we must acknowledge a 
be very probable, that the intermediate bq 
of vapour is no other than air; andthati 
clouds do not proceed from any distinct f» 
in the atmosphere, but from a dccompoaill 
of a part of the air itself, perfectly similan 

Granting this to be the case, and we f^ 
scarcely hope for a more probable conjectlj 
on the s\ibject, the decomposition of the V 
pour will be easily accounted for. If by a 
natural process the water can be converf 
into air, and if the latter is only water p 
tially decomposed ; then, by an invei si 
the process, air may be instantly re-conv4 
ed into water, and will become visible in 
r mist, or be condensed into rain, consist 
i greater or smaller drops, according to i 
Begi'ee to which this inverted process is 
lied. 
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It ia generally supposed by meteorologists, 
from 1^1 the cleuds, fogs, hail, rain, and snow, 
being electrified, that the electric fluid is the 
agent employed in the forniation of these me- 
teors, and that it is this fluid which acts in 
ihe re-coQvcrsion of air into water. This 
process may be particularly observed in the 
summer seiison, when the horizon is suddcQ'- 
ly overcast, and a copious torrent of rain 
ensues^ which cimnot be from the rising of 
any aqueous vapours at the time, but must 
be from a precipitation of water that existed 
'in an invisible state in the atmosphere. 

Water may therefore exist in air ; Isl, in 
Bn invisible state, which is the case when tlie 
dissolving power of air is considerable ;2dly, 
in a state of incipient separation, in which 
case it iorms chuds, mists, orja^s; 3dly, 
and lastly, in a state of actual separation, in 
which case, it forma either rain, properly so 
calledi or sno7o, or hail. 

Clovdi are those well known assemblages 
of vapours that float in the atmosphere ; have 
different degrees of opacity, which arise from 
- their extent and density ; and generally have 
pretty well defined boundaries. Their height 
above the surface of the earth (we mean not 
above the mountains) is various, but hardly 
ever cscpeds a mile or a mile and a half. In 
hot weather, or hot chmales, tVie diOM-is,, 
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ixirii highf r tlian thty do in caidcr c 
ittlilvr weallirr: unit iiulccd. Id 
it Ow ilinnififrcquciitly touch tbe Tcay si 

ttf lilt f al ill I frtr n fo;; may with p 

HitWil « ilnutl (lo»c to the fjrouod. 
ffit^'t ii 9 \ t-rV inJcfinitc word. It n 
""■ " il fitnimil'Mi 111' clouds, or haz'u 
_ rtwiHci A very mnall rain, orl 

tii ^mW(^«I '"Utn the atmosphc 

,4k >yi IWvor thv i).iriicles of rajnil 

•tv (unupd.and the adherenced 

(h"«e purticles to each athes 

, KwvX and cling to each other as thq 

4 ihroiigh the air, ibrma the usual fleecd 

ktK>w, which are larger, (since they ar( 

in descending, and have a greater op. 

lity of meeting) when the clouds an 

hixher than when they are lower. 

Jrhc hail differs from snow ia its consistiiu 

lUchmore solid, and much more deGnefi 

(if congealed water. It is auppoaed 

(he water, already formed into consider^ 

ilro|)8, is driven and detained a consi* 

(icrMliIp lime through a cold region ofthq 

Uttt^osphcrc, by the wind, which almost al> 

'i iittiinipanies a fall of hail. Bvt the globes 

or hailstones, in a fall of haili seinc< 
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'i^lMs far exceed the usual size of the drops 
of rain ; which shews that by the action of 
the wind, the congealed jiarticles must be 
forced to adhere to each other j and, in fact, 
though the small hait-stones are more uni- 
formly solid and globular, the large Ones 
almost always consist of a harder nucleus 
which is surrounded by a softer substance, 
and sometimes by various distinct pieces of 
iice, just agglutinated. Their shape is seldom 
perfectly globular. 

The phenomena of dew and hoar-frost seem 
to proceed from a quantity of aquaoiis and 
undecomposed vapour which always exists in 
the atmosphere ; and which, being raised by 
mere heat, is condensed by mere cold, with- 
out undergoing that process by which water 
U changed into air. 

If the cold be very intense, hoar-frost ap- 
pears instead of dew ; which is nothing more 
than the dew frozen after it falls upon the 
ground, in the same manner that the vapour 
In a warm room congeals on the inside of the 
windows in a frosty night. 

LightTiingK found to be a flash, produced 
by the electrical fluid rushing from one part 
into another ; and thunder the sound of the 
rushing torrent, reverberated among the 
clouds. The aurora borealts, or noithem. 
dav;n, }s iiien-Jse an electrica\ phtTiQttvf&SiTi; 
I 
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K tnmbent or flashing light, seen at 
ift some periods more often than in others, 
especially about the poles. The fery-balla^ 
which are seen shooting through the atmos- 
phere in the night, of various nnagnitudes and 
of diflerem forms, seem all to rise from inr 
flammable vapours, taking fire from their fer- 
menting, or effervescing in the air. 

The Rainbow is one of the most surpris- 
ing of the works of God, which the Hebrews 
called the Bow of God, and the Greeks the 
Daughter of Wonder. This phenomenon is 
seen in the falling rain or dew, and not in the 
cloud whence that rain or dew proceeds ; it 
is caused b^a reflection and refraction of the 
sun's raj's from the globular particles of rain. 
The face of this beautiful iris, or bow is ting- 
ed with all the primogenlal^olours in their 
natural order ; viz. viokt, indigo, blue, green, 
yclkw, and red. It always appears in that 
part of the heavens opposite the sun. 

The Halos are circles somewhat akin to 
the rainbow which appear about the sun and 
moon, and are sometimes variously coloured. 
They nevci- appear in a rainy sky, but in a 
rimj and frosty one, and are formi-d by the 
refrjctiono! the rays of light, without anyre- 
flection as in the rainbow. 



Sioci-suns and mcci-moons are represeota- 
tioDB of the iace of the true sun and moon by 

piHKe weight and pressure of the atmosphe- 
B 'Jitfal air have been explained in the preced- 
■ ing chapter. We shall now examine the par- 
ticulars relative to its progresbivc motion, 
which we denominate wind. 

Wind is a sti'eam or current of air ; as the 
air is a fluid, its natural state is that of rest, 
ij which it endeavours always to keep or re- 
trieve by an universal equilibrium of all its 
parts. When, therefore, this natural equi- 
librium of the atmosphere happens by any 
means to be destroyed in any part, there 
necessarily follows a motion of all the cir- 
cumjacent air towards that part, to restore 
' it ; and this motion of the air is what wf eall 
li •wind. 

I Hence, with respect to that place lyhere the 

! equilibrium of the air is disturbed, vm see, 

I the wind may blow from every point of the 

compass at the same time ; and those who live 

northwards of that point have a north wind;' 

those who live southwards a south wind j an*" 

' qo of the rest; Butthoae who live ovl^.'cw.^■^ 

', where all these winds meet aui\nXatle.tc. 

Lappressed with turbuleM. aaA \io\WkV 
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weather whirlwinds and hurricwes; wilh 
rein, lempest, lightning, thunder, &c. 

Many arc the particular causes which pro- 
duce wind by interrupting the equipoise of 
the atmosphere ; but the most general causes 
urt two, viz, heat, which, by rarefying the 
«ir, makes it lighter in some places than it is 
in others ; and cold, which, by condensing it, 
makes it heavier. Hence it is, that in all 
parts over the torrid zone, the air being more 
rarefied by a greater quantity of the solar 
raj's, is much lighter than in the other parts of 
the atmosphere, and most of all over the equa- 
(orial pans of the earth. And since the 
parts at the equator are most rarefied which 
ar* rear the sun j and those parts are, by the 
earth's diurnal rotation eastward, continually 
shiftingto the west; il follows, that the parts 
of (he air which lie on the west side of the 
paint of greatest rarefaction, and, by flowing 
towards it, meet it, have less motion than 
thoie parts on tlie east nfthe said point, which 
f^Uow it J and therefore the motion of the 
eastern air would prevail against that of the 
westPm air, and so generate a continual east 
wind, if this were all the effect of that rarefac- 
tion. But we are to consider, that as all the 
pans of the atmosphere are so greatly raiefied 
over the equator, and all about the poles 
grntt})! (WJtlfnscj b/ extretne cold, this 
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eavier air from either pole is constantly 
flowing towards the equator, to restore the 
balance destroyed by the rarefaction and levity 
of the air over those regions ; hence, in this 
respect alone, a constant north and south wind 
would be generated. 

Now it is easy to understand, that by a com- 

Jioaition of these two directions of the air 
rem the east and north, a constant north-east 
wind will be generated in the northern hem- 
isphere, and a constant south-east wind in the 
southern hemisphere, to a certain distance 
on each side the equator, all round the earth. 
And this case we find to be verified in the 
general trade ivindx, which constantly blow 
from the north-east and south-east, to about 
thirty degrees on each side the equator, where 
those parts are over the open ocean, and not 
affected with the reflection of the sun-beams 
from the heated surface of the land ; for la. 
this case the wind will always set in upon the 
land, as on the coast of Guinea, and other parts 
of the torrid zone, we know it does. 

The temperature of a country with respect 
to heat or cold, is increased or diminished 
by winds, according as they come from a# 
hotter or colder part of the world. The north 
and north-easterly winds, in England antt 
all the western parts of Europe, are reckonet 
coJd and drying winds. TViey nic w^' 
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cauae they come from the frozen region o! 
north ^jole, or over a great tract of cold land. 
Their drying (juality is derived from their 
coming principally overland, and from a well 
Vnown property of tht air, namely, that warm 
aircan dissolve, and keep dissolved, a greater 
quantity of water than colder air ; hence the 
air which comes from colder regions being 
heated over warmer coi.jitri'-'i, becomes a 
better solvent of moisture, and dries up with 
greater energy the moist bodic-s it comes ia 
contact with ; and, on the other hand, warm 
air coming into a colder region dt-poails a 
quantity ol the water it kept in solution, anij 
occasions mists, fogs, clouds, rains, &c. 

In warm countries sometimes the winds, 
which blow overagreattract of highly heated 
l^nd, become so very drying, scorching and 
suffocating, as to produce dreadiid effects. 
These winds, under the name of solanas, are 
pften feh in the deserts of Arabia, in the 
neighbourhood of the Persian gulph, in the 
interior of A'rica, and in some other places. 
There are likewise in India, part of China, 
par« of Africa, and elsewhere, other winds, 
which deposit so much warm moisture as to 
soften, and actually to dissolve glue, salts, and 

tAm^i fvery m\9^P wjiich ia splnijl? jb wi»» 
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a the gust3 of wind come from diffi 
ent quarters at the same time, and meet ina ~| 
certain place, there the air acquires a circle, I 
or rotatory, or screw-like motion, either a 
cending or descending, as it were, roimd an 
axis, and this axis sometimes is stationary, 
and at other times moves on in a particular 
direction. This phenomenon, whicliiacall- i 
eda -whtrhvind, gives a whirling motion to ■ 
dust, sand, water, part of a cloud, and some- 
times even to bodies of great weight and bu« ; 
carrying them either upwards or downwards, i 
and lastly scatters them about in different di- 
rections. 

, The -waterspout has been attributed prin- 
cipally, if not entirely, to the meetingof diff- 
erent winds. In that case the air in its rota- 
tion acquires a centrifugal motion ; whence 
it endeavours to recede from the axis of the 
whirl, in consequence of which a vacuum, or, 
at least a considerable rarefaction of air, takes 
place about the axis, and, when the whirl 
takes place at sen, or upon water, the water 
rises into that rarefied place ; for the same 
reason which causes it to ascend into the ex- 
hausted tub-, and forms the water-spout or 
pillar of water in the air. The water-spouts 
generally break about their middle, and the_ 
falling waters occasion great damacn 
ru sh ips that h"**" "he iiuafonurte ot ttKtvjM.'c.- I 



QtTOJ\Mi- 



METEORS. 105 

r then, or to the adjoining land -, for such 
spouts are sometimes formed on a lake, or 
nver, or on the sea close to the land. 

As the motion of the air has a greater or 
lesser velocity, the wind is stronger or weak- 
er ; tad it is found from observation, that 
Ae velocity of the wind is various, from the 
rate of 1 to 100 miles per hour. 

The following particulars respecting the 
velocity, &c. of the wind are extracted from 
it table which appeared in the 51st volume of 
the Philosophical Transactions, by Mn J. 
Smeaton, the celebrated engineer.— 

When the velocity of the wipd is one 
per hour it is hardly perceptible- 

From S lo 3 just percepUble. 

4 — 5 gentle pleasant wind, or breezel 
10 — 15 pleaaarit briat gale. 
20 —25 vB(y brisk. 
30 —35 high winda. 
4Q — 45 very high. 
50 miles per liour a alonn or tempesl. 

GO B great slorm. 

80 a hurricane. 

100 frturricanethfttlesrsuplreeE, 

(^ curies buildings before it, Slc . 

The winds are of immense and indispen- 
sable use. Besides their more obvioiis effects 
in driving of ships, windmills, &c. they pre- 
serve, by mixing, the necessary i^ui'iV^ o^ ■Cna 
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air. The winds likewise drive away va< 
pours, clouds, fogs, and mists from' those 
parts in which they are copiously formed, to 
others which are in want of moisture ; and 
thus the whole surface of the earth is suppli- 
ed with water. It is the winds which dimi- 
nish the heat, and augment the moisture of 
the torrid zone, and produce contrary effects 
on those of the polar regions, so as to render 
those districts of the globe, which the anci» 
ents deemed totally unfit for the abode of 
man, and other animals, by reason of exces- 
sive heat, not only habitable, but salutary and 
pleasing to man and beast, and yielding 
great variety and abundance of the choice: 
productions of nature. 




f SPRINGS, RIVERS, AND THE 
SEA. 

HAVINGviewed water as it takes its 
departure from the bosom of the deep and 
formsthe watery meteors, we shall now survey 
it as it rises in the salient spring, and gives 
birth to the gurgling rill, or uniting, gives 
coolness to the landscape in the magnifi' 
cent stream, that in its ample range fertilizes 
its neighbourhood. 

Various have been the theories, or rather 
hypotheses relating to the origin of springs j 
but it seems the general opinion of those who 
have made this branch of natural philosophy 
their study, that the true principles which sup- 
ply the .waters of fountains or springs, are 
melted snow, rain water, and condensed va- 
pours. 

The prodigious quantity of vapours raised 
by the sun's heat, and otherwise, being car- 
ried by the winds over the low lands to the 
very ridges of mountains, as the Pijrenentbp 
the Aljis, the Apennines the Car fathiau, X-s 
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Europe j the TflHriM,the Caucasus, ImauataA 
others in Asia ; Atla-i, the Mantes Luna^ or 
mountains of the moon, with other unknown 
ridges in Africa ; the vapours being compell- 
ed by the stream oi' air to mount up with it to 
the top of those mountains, where the air he- 
coming too light to sustain them, and con- 
densed by cold, tht-y strike against their sum- 
mits, which causes an union of their particles^ 
and are precipitated in water, which gleets 
down by the crannies of the stone ; and en- 
tering into the caverns of the hills, gathers, 
as in an alembic, into the basons of stone it 
£nds, which being ones filled, all the overplus 
of water that comes thither, runs over by 
the lowest places, and breaking out by the 
sides of the hills forms single springs. 

Many of these springs running down by 
the vallies, between the ridges ol the hills, 
and coming to unite, form litde rivulets, or 
brooks i many of these again meeting in one 
common valley, and gaining the plain ground, 
being grown less rapid, become a river i and 
many of tlitse being united in one 
channel, make such enormous streams as the 
Shine, the Rhone and the Danube, And it 
may almost pass fi r a rule, that the magnitude 
of a river, or the quantity of water it dis- 
charges, is proportional to the length and 
heights of these very ridges from whence the 
fountains arii 
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"he several sorts of springs observed are 
(omnwn j/jWh^'j, which ekher run continually, 
and then they are called perennial springs ^ 
or else run only for a time, or at certain times 
of the year, and then they are called temporary 
apring-s. Intermitting' springs, or auch as 
now and then stop, and flow and stop again, j 
by regular alternations or intermissions. 
Reciprocating springs, whose waters rise and 
fell, or flow and ebb, by regular intervals, or 
reciprocations ofthc surface. 

If those reserv'oirs of water in the body of 
mountains be situated where mineral ore» i 
abound, or the ducts or feeding streams run | 
through mineral earth, it is easy to conceive j 
the particles of metal will mix with, and be 
absorbed by the water, which being saturated 
therewith, becomes a mineral spring or ivell. 
If salt, sulphur, and lime-stone abound in tJie 
strata through which the water passes, it will 
,then be saline, sulphureous, and lime-water. 
If sulphur and iron should both abound ia 
the parts of the hill, whence the waters come, 
the waters will partake of the warmth or heat, 
which is occasioned by the mixture of two _ 
such substances in the earth, where t 
found. 

Having noticed the differwit 
icgs, wc shall wy a few wards tespe<^ 
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the various phenomena which lake 

A large collection of water which 
corsequetice oi its gravity from a highej 
lower part of the surface of the earth, in^ 
channel generallv open at top, is called a river. 

A river which flowa uniformly, and pre- 
serves the same height in the same place, is said 
to be in a permanent state ; such rivers arc 
very rare. 

The water of a river does not Bow with the 
same velocity through the whole width of the 
river. The line in which the water moves 
■with the greatest velocity is called the thread 
of the river, arid this thread seldom lies in the 
middle of the riVer, but it generally comes 
nearer to one side than the other, according 
to the naUuT of the impediments, and, the 
codfigurarion of the banks. The velocity of 
rivers is likewise less at the bottom of their 
thanuels, than at their surface ; owing to the 
resistance which the bed makes to the water 
as it Hows. 

The running of rivers is upon the same 
principle as the descent of bodies on inclined 
planes ; for Water no more than a solid can 
move on a horizontal plane, the re-action of 
8uch a. plane being equnl and contrary to 

"rity entirely destroys it, and leaves the bo- 
% rest j here we speak of a plane of small 
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.Efint, and such as coincides with the curved 
SUrTace of the earth. But if we consider a 
large extent or long course of water, then we 
shall find that such water can never be at rest 
but when the bottom of the channel coincides > 
Svery where with the curved surface; of the 
earth. In rivers that are made it is usual to 
allow tlie fall of 1 foot in 300, but the declivity 
df those formed by nature is various and lum 
certain. 

The velocity of tht water of a river ought' 
to increase in proportion as it recedes from 
its source : but the numerous causes of re- 
tardation, which occur in rivers, are produc- 
tive of very great irregularities ; and it is 
impossible to iocra any general rules for de- 
termining such irregularities. 

The unequal quantities of water (arising 
from rains, from the melting of snow. &c.) 
which are conveyed by rivers at different 
seasons, enlarge or contract their widths, 
render them more or less rapid, and change 
more or less the form of their beds. But 1 
independendy of this, the size and form 
of a river is liable to be continually altered ' 
the usual flowing of its waters, and by lot 
peculiarities. The water constantly i 
its bed wherever it runs with considi 
velocity, and rubs off the sand, 
veiy coherent parts. The corrosion is 
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femarkable in that part of the bottom, which 
ja under the /Arfao'of the river, or ivhere the 
water descends suddenly from an eminence^ 
as in a cascade or ivater-falL The sand ihua 
raised is deposited in places where the water 
slacks its velocity, and there by degrees an 
pbstacle, a bank, and even an island, is form- 
ed, which in its turn produces other changes* 
Thus a river sometimes forms itself a new 
bed, or it overflows the adjacent groundi 

In some places we find that an obstacle, or 
a bent on one side will occasion a corrosion 
on the opposite bank,bydirectingthe impetus 
of the stream towards that bank.— Thus, 
from divers causes, whose concurrence in 
different proportions, and at different times, 
forms an infinite variety, the velocity of ri- 
vers is never steady or uniform. 

The following curious calculation respect- 
ing the river Thames was made by Dr. Hal- 
ley. In order to estimate the quantity of wa- 
ter, which passes daily through the TA aw ej, 
the Doctor "ssiimes the breadth of the river at 
Kingston bridge, (where the flood seldom 
reaches) to be 100 yards, and the depth 3 ; 
so that the section of the channel is 300 square 
yards, and allowing the velocity of the water 
to be at the rateofSmiles per hour, there will 
nm in 24 hours, the length of 48 miles, 
qr 84480 yards ; ihereforti 84480-|-300= 
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25,344,000 cubic yards, which make 
203,000,000 tons which the river Thames 
yields per diem* 

The proportional lengths of course of some 
of the most noted rivers in the world are 
shewn nearly by the following numbers, ex- 
tracted from Mr. Rennell's paper, 7 1st vol.. 
Phil. Trans. 

European Rivers* 
Thames. • • , • • • .1, 
Rhine • ••• • • * • .5^ 

Danube , • • •7 

Wolg^ ........ 9|- 

Asiatic RiverSf 

Indus • 5i 

Euphrates . • . . • • .St 
Ganges .••..••. 94 

Burrampooter 9i 

Nou Kian, or Ava River. . . 9^' 

Jennisea 10 

Oby 10| 

Amoor ••.•... 11 

Lena « . • IH 

.Hoanho (of China) . • ,. 13^ 

Kian Keu (of ditto) . . . isi 
African River. 

Nile 121 J 

American Rivers* 

Mississippi « 8 

Amazons . . . . . . 15| 

K 2 
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When we reHcct on thi^ immense length of 
these rivers, and their origin, we arc natural- 
ly directed to the contemplation of the round 
vhich water travels ; and by which, without 
Bufiering adultE-ration or waste, it is continu- 
ally offmng itself to the warns of the habita* 
blc globe. From the sea are exhaled those 
vapours which form the clouds ; these clouds 
descend in refreshing showers of rain, which 
sinVing deep into the earth, form springs, and 
Springs uniting form rivers, which rivers in 
return feed the ocean. So there is an inces' 
aani clrcidaliou of ihe same fluid; and not 
on'- tJrop probably more orless now than there 
WaH at the creation. In fact, " look nature 
through, 'tis revolution all;" wherever we 
turn our eyes, all seems continually in a state 
of change or circulation. " The sun," saith 
Solomon, " anscth, and the sun goeth down, 
and pants for the place from whence he arose 
all rivers run into the sea, yet the sea is not 
I'uil i unto the place from whence the rivers 
earn'-, rhithcr they return again." 

Thu sea is n vast collection of waters in the 
llt-i'p iind unl'uthomable valleys of the earth. 
ThJM Kreitt oliVHs occupies nearly three quBr- 
ItM iifthc whole Burfaceof our globe ; which 
lin« hrctl lli')Hi[ht by some too great apropor- 
llan t l«lt II 1" pn>liiibk' no move thati Kuffici- 
Mil Wlvnilltc iha land. 
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le saltness of the sea is a property m mrt 
«ienieiit, which appears to have excited ihe 
curiosity of natuvahsts in all ages. Thispro- 
perty 18 very rationally judged to arise from 
great multitudes both of mines and moun- 
tains of salt, dispersed here and there in the 
depths of the sea ; the salt being continually 
diluted and dissolved by ths waters, the sea 
becomes impregnated with its particles 
throughout ; and for this reason the saltness 
of the sea can never be diminished. 

The saltness of the aca preserves its wa- 
ters pure and sweet, which otherwise would 
corrupt like a filthy lake,- and consequent- 
ly none of the myriads of creatures which 
now live therein, could then have being; 
from hence also the sea-water becomes much 
heavier ; and therefore ships of greater size" 
and quantity may be used ihereon. Saltwa- 
ter also dot!) not freeze so soon as fresh wa- 
ter whence the seas are more free for naviga- 
tion. 

The most remarkable thing in the sea, is 
that motion of the water called tides, it is 
a rising and falling of the water of the sea. 
The cause of this is the attraction of the 
moon, whereby the part of the w 
great ocean which is nearest t e moon being 
j'lost Strongly attracted, is r.iis>:dhighi-r than' 
the rest ; and the part opposite to it, on the con* 
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trarj- side, being least attracted, is ala 
than the rest- — And these two opposite nt 
of the surface of the water in the great ocean,, 
following the motion of the moon from east 
to west, and siriliing against the large coasts 
of the continents that lie in its way; from 
thence rebounds back again, and so makes 
floods and ebbs in narrow seas, and riveri 
remote from the great ocean. 

As the earth, by its daily rotation round its 
axis, goes from the moon to the moon again^ 
(or the moon appears to move round the earth 
from a given meridian to the same again) in^ 
about 24 hours, hence in that period there are 
two tides of flood and two of ebb, and this al- 
ternate ebbing and flowing continues without 
intermission. For instance, if the tide be 
now at high-water-marS:, in any port, or har- 
bour, which lies open to the ocean, it will 
presently subside, and flow regularly back,, 
for about six hours, when it will be found at 
low-water-raark. After this, it will again gra- 
dually advance for six hours, and then return 
back, in the same time, to its former situation; 
rising and falling alternately, twice a day, or 
in the spaceof about twenty-four hours. 

ITie interval between its flux and reflux is, 
however, not precisely six hours, but about 
eleven minutes more ; so that tlie time of 
high water does not always happen at th< 
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le hour, but is about three quaritrs of an 
hour Iat(;r even* day, for thirty days ; when 
it again recurs as before. For example, if 
it be high Water, at any place, to-day at noon, 
it will be low water at eleven minutes after 
six in the evening ; and consequently, after 
two changes more, the time of high water 
the next day will be about three quarters of 
an hour after noon ; the day following it wiQ 
be fit about half an hour after one ; the day 
after that at a quarter past two ; and ao on 
for thirty days J when it will again be lound 
to be high water at noon, the same as on the 
day the oliservation was first made. And 
this exactly answers to the motion of the 
tnoon ; she rises every day about three quar- 
ters of an hour later than upon thi' preceding 
one ; and, by moving in this manner round 
the earth, completes her revolution in about 
thirty days, and then begins to rise again at 
litt same time as before. 

To make the matter still plainer; suppose, 
at a certain plate, it is high water at three 
o'clock in the afternoon, upon the day of the 
new moon ; the following day it will be high 
water at about three quarters of an hour af- 
ter three : the day after that at about half aa 

ir past four ; and ao on, till the next new 
when it will again be high water about 
I'clocfc, the same as before. And by ' 
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observing the tides continually at the' 
place, they will always be found to follow 
same rule j the time of high water, upon tile. 
day of every new moon, being nearly at the 
same hour ; and three quarters of an hour 
later eveiy succeeding day. 

The attractioij of the sun also produces a 
similar rising and falling of the water of the 
ocean, but on account of its distance, not near 
so considerable as that which is pro- 
duced by the moon. |t will be readily un- 
derstood that according to the different si- 
tuations of the sun and the moon, the tide$ 
which are raised by their respective attrac- 
tion, will either conspire with, or counteract 
each other in a greater or lesser degreei 
When they conspire together the tides rise 
higher, and their mutual action produces what) 
are called spr'mg tides. On the contrary^ 
when they counteract each other they produce? 
neap tides. 

From a slight consideration of whathaa^ 
been said, we might be led to imagine, thai 
the time of high water at any place, would be 
when the moon is over the meridian of that 
place. But this is by no means the 
being usually about three hours afterwards . 
the reason of which may be shown as follows.' 
The moon, when she is on the meridian, 
nearest to the 7.enith of any place, tends 
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raise the waters at thai place ; but this force 
must evidently be exerted for a considerable 
time, before the greatest elevation will take 
place; for if the moon's attraction were to 
cease altogether, when she has pasE,e dthe me- 
ridian, yet the motion already communicated 
tD the waters would make them continue to 
ascend for some time afterwards j and, there- 
fore, they must be much more disposed to as- 
cend when the attractive force is only in a 
small measure diminished. 

The waves of the sea, which continue after 
a storm has ceased, and almost every other 
motion of a fluid, will illustrate this idea ; 
'all such effects being easily explained, from 
the consideration that a small impulse, given 
to a body in motion, will make it move farther 
than it would otherwise have done. It is 
also, upon the same principle, that the heat is 
not the greatest upon the longest day, but 
some time afterwards; and thai it is not so 
hot at twelve o'clock, as at two or three in the 
afternoon ; because there is a farther increase 
made to the heat already imparted. Instead 
of its being high waterihen, when the moon is 
upon the meridian of anyplace, it will always 
be found to happen, as far as circumstances 
will allow, about three hours afterwards ; and 
the intervals between the fiiix and reflux, must 
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be reckoned from that time in the same mitn? 
ner as before. 

The sun being nearer the earth in wintet 
than in sumTOer, Is nearer lo it in ]*'ebruary 
and October, than in March and Stpttmber j 
and therefore the greatest tides happen not 
till some time after the autumnal equino]^ 
and return a little before the vernal, 

The tide propagated hy the moon in the 
German ocean, when she is three hours past 
the meridian, takes 12 hours to come fron 
thence to London Bridge: where it arrivM 
by the time that a new tide is raised in thai 
ocean. 

These are the principal phenomena of Ab 
tides ; and where no local circumstances in- 
terfere, the theory' and facts will be found it, 
agree. But it must be obser\'ed ; that what 
has been here said, relates only to such placet 
as lie open to large oceans. In seas and 
channels, which are more confmed, a num- 
ber of causes concur, which occasion consi- 
derable deviations from the general rule. 
Thus, it is high water at Plymouth aboutthe 
sixth hour; at the Isle of Wight about the 
ninth hour ; and at London bridge about the 
fifteenth hour, after the moon has passed the 
meridian. And at Batsha, in the kingdom 
»f Tonquin, the sea ebbs and Howsbut once a 
'y; the time of high water being at the set- 
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ting of the moon, and the time of low wa- 
ter at her rising. There are, also, gitat va- 
riations in the height of the tides, according 
to the situation of cOasts, or the nature of the 
straits which they have to pass through. Ttius, 
the Mediterranean and Baltic seas have very 
small elevations ; while, at the port of Bris- 
tol, the height is sometimes near thirty feet ; 
and at St. Malo's it is said to be still greater. 



OF EARTHS, STONES, METALS, 
MINERALS, AND OTHER FOSSILS. 

HAVING taken a view of the air which 
surrounds, and the water which diversifies 
ihe face of our globe, ive will now take a 
survey of the solid substance, or body of our 
earth. 

Those who observe the disposition of the 
C arth, as it appears in the quarrying or 
digging of niinea, find it generally lying in 
horizontal layers, or strata uf d!fi"crent kinds 
like tht: setdlngs of waters. The first layer 
that presents itself, is most commonly the 
bed of vegetable earth or mould. With this 
earth the surface of our globe is generally 
covered. It is this mould which gives root- 
ingand nourishment to plants, so that they 
may stand and grow in it ; and it is as it were 
the store-house from whence all the living 
creatures of our world have originally their 
provision^;: for from thence all the plants 
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I have their srstenaoce, and some few animals 
and from these all other animals. 

As this affords to aniraaU and vegetables 
their support, so the spoils of these, when 
dead or decayed, return to the dust of the 
ground, frgm whence they were formed, and 
thus keep up an unceasing circulation. 

The most common disposition of the lay- 
ers is, that under the first earth is found gra- 
vel or sand ; clay or marl ; then chalk, or 
coal, marbles, ores, &c. This disposition, 
however, is far from being uniformly contin- 

I ued all over the globe , in different soils the 

' order of these layers varies. 

It is wonderful to behold the variety of pro- 
ductions which are found in the different parts 
of our globe. In the crumbling chalk, the solid 
marble, the dusty gravel, and even the depths 

I of the most inland valleys, and on the sum- 
mits of the highest mountains, we behold the 
apoils of the ocean, exhibited under the several 
appearances of petrified fish, beds of shells, 
and sea plants. The Alps, the Apennines, 
the Pyrenees, Libanus, Atlas, and Ararat, eve- 
ry mountain of every country under heaven, 
where search has been made, all conspire in one 
uniform and universal proof, that the sea has 
covered their highest summits. If we examine 

K: earth, we shall find the mouse deer, natives 
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i of Artienca,buried in Ireland ; elephants, na- 
I tivesnf Asia and Africa buried in the midst of 
England; crocodiles, natives of the Nile, in 
, the heattofGermany; shell-fish, never known 
but in the American seas, togetherivith skele- 
tons of whales, in tile most inland re(jions of 
England ; trees of vastdimensions with their 
> roots and tops at the bottom of mines, and 
1 marls found in regions, where such trees were 
I neverknown to grow, nay, where it is demon- 
strably impossible they could grow. Such ar» 
the awful memorials of the great convulsions 
and revolutions which have taken place in the 
' natural world ; of countries laid under the roll- 
[ ing waves of the ocean ; and of lands rising 
from the midst of the waters, and becoming 
the habitations of beasts and of men ; so 
I transient and uncertain are all earthly things. 
The various bodies which are found by 
dig!;;ingin the earth are callcdyDSi// substan- 
ces ; undtr w hich are comprehended metals, 
minerals, stones of divers kinds, and sundry 
bodies that have the texture between eardt 
txiA stone. 

These bodies are divided into four dlffer- 
(Bt classes by mineralogists, viz. I. Earth 
udSiones in general) II. Salts; III. In- 
tmteM^s; and IV. Metals. 

L EiiffA and Stones in general are Ist, 
wrAi.tkr suiiport of vegetables ; 2nd, clays, 
•^Bt aoed with water harden in the fire. 
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into bricks, delf, china, &c. 3d, calcareous 
substances, as chalks, marls, limestones, mar- 
bles, convertible by heat into quicklime, and 
gypsum into alabaster; 4th, tdcs, which are 
found in flat, smooth laminx ; 5th, slates 
also splitinto laminse ; thesewith a variety o£ 
stones from freestone, or sand, to granite, 
porphyry, flint, and substances still harder, 
such as precious stones, are known by vari- 
ous properties, and are accordingly applied 
to different pui-poses ; some, in addition to 
being serviceable in building, are used as 
whetstones ; some strike fire with steel ; 
otheis are polished to glitter in the dress of 
the fair, or decorate the furniture of the opu- 
lent ; and others, melted by fire, form the 
transparent glass. 

Although there seetns to be an almost in- 
finite variety ofeanhy substances scattered 
" on the surface of this globe, yet, when we 
examine them chemically, we find thai all 
the earth and stones which we tread under 
our feet, and which compose the largest rocks 
as well as the numerous different specimens 
which adorn the cabinets of the curious, arc 
composed of a very few simple or elementarj' 
earths, the principal of which are the calca- 
reovs, siliceous, argillaceous, magnesia, terra 
fondcrosa, and a few others which have been 
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discovered latelj-, but have npt been much es- , 
amined. 

Calcareous earth is foard in the sheila of 
fishes, the bones of animals, chalk, limestone, 
marble, and gypsum : hut all calcareous earth 
is supposed to be of animal origin ; and beds 
of chalk, limestone, or marble, arc thought to 
have been beds of shells formed in the sea, 
in some pristine stateof the earth. 

Silex, or siliceous earth, is the principal 
constituent part of a great number of the 
compound earths and stones, forming the im- 
mense mass of the solid nucleus of the globe. 
It is the base of almost all the scintillating 
atones, such as fiini, rock crystal, quartz, 
agate, calcedony, jasper, &c. The sand of 
rivers and of the sea-shore, chiefly consists 
of it. 

Atgillaceovs earth is fouild in clay, schis- 
tus, or slate, and in mica. This species of 
earth is ductile with water, it then hardens 
and contracts, by heat, so as to be of the great- 
est use in forming brick, or stones of any re- 
quired form or size. 

Terra ponderoaa is generally found in two 
states, viz. united to viuriotic acid, when it 
is called calk, or to fixed air, when itis called 
terra pond eros a aerata. This earth is distin- ' 
guishable bv itR-ereat specilic gravity, being 
four times s water. 
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Magnesia is found sometimes pure in na- 
ture, but it is generally obtained by art from 
someofitscombinarions. llgives apeculiar 
character to the substances of which it fonns 
a part. The stones which contain magnesia 
in considerable quantity have generally a 
smooth and unctuous feel, a greenish cast, a 
fibrous texture, and a silky lustre. Among 
diem ive may mention talc, steatite, ser- 
pentine, chlorite, asbestOK, &c. Pure mag- 
nesia does not form with water an adhe- 
sive ductile ma^s. It is in the form of a 
very white spongy powder and perfectly taste- 
less. 

Stones are formed by the mixtures of the 
earths together, and of the mixtures of earths 
■with alkalies, and sometimes with acids. 
Stones bound together by some cement, form 
Tocks. There is also a kind of stones of a 
peculiar nature produced hy the fire of vol- 
(Caroes. 

The stones in which the acids and alkalies 
abound are called saline stones, and the mix- 
tures of the earths with each other form stones 
properly so called. Of stones property so 
called those in which the siliceous earth 
abounds and predominates are very nume- 
rous ; the principal of which we shall briefly 
notice. 
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Siliceous mixtures have sufficient hardness 

to strike fire with steel. Of this description 

arc the fim-io«s atones, rod crystal, ar quartz, 

' Jfidtpar, silex, cryiopryse, lapis lazuli^jasper^ 

and sc/iori. 

Gems or precious stones, are of variou s 
binds. They are distinguished by their hard- 
ness, weight, colour, and splendour, as well 
as by their property of producing single or 
double refractions. As their colour is, of all 
their characters, the most apparent, it is ac- 
cording to this that we shall divide them. 
Red ffema are the ruby, the vermiiiioTi, gar- 
,net and girasol. The ruby is a transparent 
stone, the colour of which is more or less red. 
It is distinguished into four Imds, viz. the 
oriental ruby, the spinel ruby^ the balass ruby, 
and the Brazilian ruby 

Tellow gems are the topaz, hyacinth and 
jargon of Ceylon. Ofthetopaz,there are three 
! kinds, theoHe«fa/(o/j[r2,the Brazilian topaz^ 
and the Saxon topaz. 

Blue gems are the sapphire, and the atgue 
\ marine. There are two kinds of the sapphire, 
' viz. the oriental sapphire, and the BraziliaTt. 
I There are also two kinds of the aigue marine, 
' the oriental and the otcidenlat. 

Green gems are the emerald of Peru and 

K\rysalite, of which there are two kinds, 
i\i Brazilian andtliatof the jew<" 
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^^^Kie diamoTid ought certainly to be placed 
among the precious stones, but it is different 
from all those above described. Its com- 
bustibility is a property entirely peculiar to 
itself; the diamond indeed bums in the same 
manner as phosphorus, disappears without 
leaving any vestiges of it behind. The dia- 
mond is supposed to be pure carbon, and the 
radical of the carbonic acid. 

There are several varieties of the diamond, 
which differ from each other only in colour ; 

I some are of a rose colour, and others rerf, 

orange, yellow, green, blue, anddari coloured. 

Jigci-crifstalBnd^uartz seem to be the same 

I stone. The name of rock-crystal is given to 
that which is crystallized, and of quartz to 
that which is in a rude mass. The form of 
these crystds is a hexaedral prism, terminat- 
ed at one of its extremities and sometimes 
at both, by a summit, composed of six trian- 
gular faces. In hardness, they are inferior to 
all the other gems. Rock-ciystal consists al- 
most entirely of pure ailex. Quartz enters 
into the composition of granite- 
Freestone is of the same nature as quartz. 
It is granulated, being composed of small 
grains of quartz, ceminted together, buC 
which have ver^little adhesion. 

I Feldspar is inferior in hardness to quarta» 
It fuses by the action of heat, and forms whit« 
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Tharael. It is one of ihe constituent parts 
of porcelain. 

We may mention, under this class, (wii* 
■nianthie spar^ which approaches near to the 
preceding in its appearance and fracture, but 
which differs from them considerably, by its 
great hardness, its form, and gravity. It is 
so exceedingly hard, that it may be employed 
to cut the diamond. 

Flint is a stone,whichissohardas tostriltc 
fire with steel. Among the different kinds of 
ffiots, some change their colour according to 
the directions of the rays of light, and others 
do not. Of the former there are three, the 
Bpnly the cai*s-eye., and the Jish-eye, 

The kinds of Aims which do not change 
their colour according to the direction of the 
rays of light, exhibit tints of more or less 
brightness and are susceptible of a^ fine poli 
■ Wc are acquainted with eight kinds of them, 
viz. common Jlint^petro siiex, agate, cakedony^ 
cornelian, sardonyx, the jade, and theprasium. 

Common flint possesses very little trans' 
parency. All the different kinds of it have a 
dark dull colour, and are concave, or convex, 
on the friictiire. Thev do not fuse in the 
fire, but ore calcined and become white. 

The distinguishing character oi petro silex 
is its semi-transparency, similar to that of wax. 
It becomes white in the fire, like the common 



FOSSILS. 

iBiDt,but itis more fusible, as it runs wltKout 
any addition. 

Agate has a smooth shining fracture, and 
will take a verj' high polish ; it is much va- 
riegated. When exposed to heat, it loses its 
colour, and becomes opaque, but without 

The calcedontj has a milky semi-transpa- 
rency. Eveiy kind of it takes a fine polish. 
These stones are white, intermixed aome- 
time's with tints of red, yellow, and blue. 

The cornelians are all either entirely, or in 
part, of a beautiful red colour, but they lose 
tlieir colour in the fire, and become opaque. 
They are all susceptible of a fine polish. 

Lapis lazuli is of a beautiful sky-blue 
colour, sometimes mixed with white, and is 
entirely opaque. It is sometimes mixed 
with pyrites, from which it has been suppos- 
ed that it contained gold. If exposed to a 
strong heat, it fuses, and forms a sort of 
whitish glass ; when calcined, it dissolves in 
acitjsinto a kind of jelly. Lapis lazuli, when 
pulverized, forms that valuable colour known 
under the name of ultramarine, 

yasper is a stone which exhibits every va- 
riety of colour. It is exceedmgly hard, and i 
receives a very beautiful and durable polls' 
When exposed to the action of heat, itj" 
not fuse. 
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' Schorl is a hard stone, fusible in a niode> 
ate fire, without any addition. Its ciy»- 
tala exhibit a great variety in regard to 
form, appearance, texture structure, !ic. 
Schorl, in general, is opaque: some kinds, 
however, are transparent, such as the Brazil- 
lean efnerald, ihe peridot, the tourmalin, &c. 
The colour ofSchorl is various ; some kinds 



some green. 



are black, others violet, and 

Schorl enters into tTle composition of porphyj 

ry, serpentine, the ophite, graueiill, and gra- 



The primitive earths form stones, as we 
have mentioned, and stones united by cement, 
form those masses called rocks. We shall 
notice the six mixtures which are most com- 
monly found in those masses, vit.. porphyry, 
serpmtine^ ophites, granitet, granite, and 
Jint. 

/*(> r/f A j/rt/ is composed of feldspar in small 
fragments of Schorl, and a kind of cement, 
which unites all the parts, and which, in some 
measure, ^'orms the base. Porphyry is ex- 
ceedini;]y hard, and difficult to be cut; itwill, 
however, late a fine polish. Some kinds of it 
are red, and others green. 

Serpentine is composed of the same sub- 
stance as porphyry. The only difference is, 
that the feldspar is in larger fragments. The 
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Mir of serpentine is various ; some kinds 
are green, others violet, some yellow andaouie 
black. 

The ophite is composed of only two-sab- 

' stances, viz. black schorl, known under the 
name of ancient black basaltes, interspersed 
with greenish feldspar, which forms in it long 

L spots. This stone has considerable hard- 

, ness. 

j Granitelt is also composed of two substan- 

ces : black schorl, and white feldspar, mixed 
with some of the green feldspar. The only dif- 
ference then between the granitelles and the 
ophite is, that the schorl which enters into 
the composition of the former, is not of the 
same kind as that in the latter. 

Granite is composed of feldspar, schorl, and 
quartz. The colour of granite ' 

I is hard, difficult to be worked, and 
fine polish. 

I Flint is a hard opaque stone, susceptible of 

a very beautiful polish. It appears to be 
composed of concentric strata, and has con- 
siderable brilliancy on its fracture. Flints 
are never found in continued quarries, like 

1 the other stones ; they are found detached* 
and dispersed throughout the fields. When 

I joined by any kind of cement they form pud 
diiig-stones. They become decomposed J 

. the air, lor tli«y are found for the most pAl 
M 
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^^WfeTcd with a crust, of a softer nature 
the interiorpart. Their colour is exceeding- 
ly various; some of them are spotted and 
variegated with veins, others eidiibit the re- 
semblance of plumes, aud even of plants. 

Volcanic Prodncthna arc chiefly piimice- 
ttoncs, lava and basaltes. 

Pumice-stone is real glass, in the form of 
small greyish white, and exceedingly brilli- 
ant filaments. These filaments always leave 
vacuities of greatir or less size between them, 
which occasion great variations in its speci- 
fic graviij'. In general it is lighter than wa- 
ter. 

Lava is that burning matter which runs 
down, in such prodigious quantities, from 
Volcanos,whenina3tate of eruption, and often 
extends to a great distance. This matter is 
a. aemi.vitrifii:d substance, which appears 
blackish on account of its density. 

Basaltes is blackish and opaque. By the 
action of heat it may be converted into glass, 
of a very beautiiul black colour. It often, 
crystallizes in prisms, of three, four, five, six 
or seven plams. Of some kinds, such as 
that known iii,..tf-r the name of loucfistone, the 
grain is exceedingly fine. 
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'^11. 0/" Sails. — The alkalies, the acids, and 
the combinations in which they enter ia suffi- 
cient quantities, are called salts, or saline 
substances ; for a saline substance, in its ex- 
tended chemical sense, means a substance 
that has some taste, and is soluble in water. 
These substances, however, do not strictly 
and exclusively belong to the fossil dtp:irt- 
inent, but are obtained also from animal and 
vegetable substances. They are the most ac- 
tive agents in creation. They give bodiee 
their consistency ; preserve them from cor- 
ruption, and render them savoury. 

Alkalies are distinguishable by their acrid, 
burning, and urinous, taste, their causticity, 
Aeir singular action on the skin, and all ani- 
mal substances, the quality of changing the 
blue colour of violets to a green, and even a 
greenish yellow, and deliqucscency. We are 
acquainted with three species,; — potash, soda, 
and ammonia. The first and second have 
been called _fixed alialtes^ because they melt 
and grow red in the fire before they bccotnc 
volatile ; the third has been named ■volatile 
alkali, from possessing the opposite property« 

Potash is known by the following charac- 
ters : — It is dry, solid, white, and very deli- 
quescent, absorbs water with heat and a pe- 
culiar faint smell, CDmbines with siliceous 
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earth by fusion, and forms glass. It is fre- 
(liiciitly found native with lime, and combin- 
ed with different acids ; but is chiefly oh- 
tained from vegetables, in the ashes of which 
it remains after combustion. 

Sodat or the mineral alkali^ is procured 
from the ashes of sea-weed, and constitutes 
the basis of sea-salt. It strikingly resembles 
potash in form, causticity, fusibilitv, deltques- 
Ctncy, combination with earthy substances by 
means of fusion, action on animal substance^ 
.&c. so that it was long confounded with it, 
and might have continued to be so, if it did 
not form very different salts with acids, and 
yield these acids to potash. 

Ammonia, or voiatile alkali, differs greatly 
from the two preceding species in its form 
of gas when dissolved in caloric, in its liquid 
form when dissolved in water, in its pungent 
and suffocating smell, its solubility in air, Eic. 
Ammonia is procured by burning animal 
substances ; in Egypt, (from whence, as con- 
tained in sal ammoiiiav we till of late import- 
ed it) from camels' dung ; but now from 
bones by distillation. 

All Acids appear to be combinations of 
oxygen or vital air, with elementary substan- 
ces. Their taste is sour, as their name im- 
ports. They change most of the blue vege- 
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^5Ie colours red, and have a tendency 
combine with earths, alkalies, and meUillic 
substances. 

All acids, being compounds of oxygen witij 
different substances, the former principle is 
tfae cause of their resemblance and common 
properties ; the latter, bejng different in each, 
may serve to characterize each in particular. 
For this reason those matters which are va- 
riable in acids are termed their radicals, or 
acidifiable principles. Thus all acids are 
combinations of radicals, or acidifiable sub- 
Stances, different in each species, with oxy- 
gen, which is the same in all : whence it fol- 
lows, thai their common properties, their 
characters as acids^ depend on oxygen, which 
is the acidifying principle ; their particular 
properties, their specific characters, arise 
from theif radicals. The word acid, indi- 
cating the general and indentical nature of 
these substances, forms their generical name, 
while the particular name of the radical con- 
tained in each may with propriety designate 
each particular acid.-^Thus sulphur is the 
radical of the acid we name i-ulphiiric, phbs- 
phorus that of the phosphoric, carbon that of 
the carbonic, and so on. 

Acidifiable radicals may contain different 

quantities of oxvgen, and under this point of] 

view ihey possess two states of acidity. Thr 

M 3 
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first is that, in which they contain the least 
possible quantity of ox)-gen to render them 
aciii. In this their aciilitv is commonly weak, 
and they adhere but feebly to the bases with 
which they are capable of foriningsalts. The 
modem methodical nomenclature designates 
this state of combination and acidity, by giv- 
ing the names of these weak acids the termi- 
nation ova. Th\is we say the sulphurous, 
nitrous, phosphorous, or acetous, acid. The 
Second state of acids is that, in which they 
contain more oxygen, and in general are com* 
pletely saturated with it. In this they have 
all the strength and attraction they are capar 
ble of possessing as acids, and the modem no- 
menclature expresses it by the termination ic. 
Thus we saythe sulphuric, nitric, phosphoric, 
or acetic, acid. With regard to the propor- 
tion of oxygen united to acidifiable radicals, 
still gri aur latitude may he given to the con- 
sideratioiis presented above. Each radical may 
be contemplated in four states : 1st, contain- 
ing very little oxygen, not slifficiunt to impart 
to it the nature of an acid, and in this it is 
nothing more than an oxyd ; luch is sulphur 
coloured red or brown, by exposure to the 
air, and a degree of heat inadequate to pro- 
duce inflammation i when it is oxyd of sul- 
ph'ir i 2dly, Contuining more oxygen than in 
the preceding case, and enough to become 
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acid, though weak : as inthe sulphurous acid j 
3dly, Possessing still more oxygen than inihe 
second instance, and having acquired power- 
ful acid properties ; such as the sulphuric acid ; 
♦thly. Conjoined with a larger dose of oxygen 
than is necessary to constitutea powerful acid 
an acid in ic ; when it is termed an oxygenat- 
ed acid, or even auper-oxy^enated. 

The acids are generally divided into mineral 
veffetable-y and animal., acids, according to the 
nature of thv.ir radicals. Though the first 
class only with propriety claims notice in this 
place, yet for the information of the reader 
we will enumerate those belonging to each of 
the above classes. 

The mineral acids at present known are 
the sulphuric (formerly called the vitriolic) 
acidi the nitric acid, called also a^iia/brfis; 
Ae, muriatic or marine acid, called by arti- 
zans the spirit of salt ; the carbonic acid, for- 
merly called the acid of charcoal, aerial acid, 
or fixed air, &c. the phosphoric acid, which 
is likewise an animal acid, it being found 
amongst animal matters as well as among 
minerals; the acidofbon}x; the fluoric acid, 
formerly called the acid of spar; the arsenic 
acid ; the molybdic acid ; the tungstenic acid ; 
and (h- chromic acid. The last lour are also 
called metallic acids. 
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The vrgetahle acidi are the acetic, 
gar, the acid of tartar, the empyreumatic add 
of tartar, the oxalic or acid of sorrel, the acid 
of galls, the citric or lemon acid, the malic 
or acid of apples, the benzoic, or the acid of 
benjamin, the empyreumatic acid of wood, 
the empyreumatic acid of sugar, the acid of 
camphor, and the suberic or acid of cork. 

The ammai acids are, the acid of milk, the- 
acid of sugar of milk, the formic or acid of 
ants, the prussic acid, viz. the colouring mat- 
ter of Prussian blue, which is obtained from 
dried blood, hoofs, &c. the sebacic or acid of 
fat, the bombic or acid of silk-worms, the lac- 
cic or the acid of waxy matter, and the zoo- 
nic, or the acid extracted from animal matter 
by means of lime. 

For a morefull account of tliese acids, we 
refer the reader to various recent publica- 
tions, written professedly on the subject of 
chemistry. 

Acids and alkalies, shew strong attractions 
for each other, and when combined together 
in such proportion that neither of them pre- 
dominates, torm neutral sails : substances 
altogether dissimilar to the elements of which 
they are tomposed. The sah in common 
use for instance, is formed of mineral acid 
and alkali ; either of which singly, would be 
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E human body ; and th 
particular, would be extremely pernicious. 

Each acid produces with each of the three 
Alkalies a. particidnr neutral salt. The number 
oi' ihe last may therefore be found by mulli-, 
plying the number of ihe acids which we- ■ 
know, by three, the number of the alicaliis. " 



( III. Jnfamviablcs. — Inflammables are siil- 
pliur or bitumens. These substances are 
.both derived from the spoils of vegetables and 
Wimals. 

( Sulphur, known also by the name of brim- 
■tlone, is a simple combustible substance, 
jwhich nature frequently presents in a pure 
|Btatc. It is found in the earth in a loost pow- 
der, or solid ; and either detached or in veins. 
Jt is met with in the greatest plenty in the 
neighbourhood of volcanos, and is deposited 
■as a crust on stones contiguous to ihem. It 
13 also met with in mineral waters, coal- 
mines, he. and also in combinations with 
Viost of the metals. 

The bitumens are naptha, petrol, mineral 
tar, asphaltutn, jet, cannel-coal, mineral tal- 
low^ pit-coal, amber, is'c. 

Naptha is a white or yellowish white sub- 
stance, fluid as water, feels greasy, has a 
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^rDCtnuag amtXl, aad bores wrdi s 
flame, kmag Karc^ aoy^ rendanm. 

Petr^, ot Petrslaim, u » bronn 
tramparent ndtuance ; be'oig naptha, ihictca 
cd, and altered m coloor aiid other respect 
hy ihe air. 

Minerat Tar is petrol farther altered bj 
the air, ha:^'ing become of the colour and 
«i»leiicy of pilch. 

Anfikaltum, or mineral pitchy is produced 
by a ftill farther exsiccation or drying. 

Jet n a substance of a full black, harder^ 
and lf»s brittle than asphalt ; and according 
to IVireienman, is a species of coal. 

Caniiell-coal appears to be next to jet, 
gra'hition, of the compound mineral bitunU' 
nous substances. 

Mineral 'f allow is rarely met with, and iu. , 
perfectly known. It much resembles tallow. 

Mineral CaoulcfiQUC is a substance much 
reiembling in its elastic properties, the sub- 
ttnncc from which it takts its name. 

Pit-coal, according to Mona. Gensanne and' 
others, is an earth or stone, chiefly of the ar- 
gillnccuus genus, penetrated or impregnated 
with petrol or asphalt. It has also been sup- 
pONrtl to have been formed by vegetables 
||ruwin({ in the sea, and by vast forests which 

ITt bi'cn buried by subsequent revolutions. 




FOSSILS. 

Amber is a bitumen generally of a yellow 
or brown colour. It is found either under 
the surface of the ground, among the clay, 
ssnd, and iron bog ore, when it is oiAed fossil 
amber, or is thrown on the shore by the 
waters of the sea, and is then called mineral 
amber. It is tasteless, but whe:i rubbed it 
yields a faint odour, and manifests electric 
powers. 



IV. Metak. — We are at present acquainted 
with hventy-one metallic substances, essen- 
tially difFerpnt from each other j ^old, ftlatina, 
aiher, merCunj, lead, copper, iron^ fin, zinc^ 
bismuth, antimonu, arsenic, cobalt, nickel, 
manganese, molybdena, wolfram, chrome, 
uranium-, titanium, and tellurium. 

Aletals exceed all other fossils in specific 
gravity ;* but there exists, in this respect, 
a remarkable difference among themselves. 

• The ipecific tfrsvily oT siiy bndv is the pmportton 
which iW weiKh' brsrs tn the » eigllt of aiiolher h'-Ay of 
equal bulk. The esi^bliilied ciuiom In to compare all 
bodies with wa'er, ihe Bpccific jjrayity of which [s reck- 
onwl one, nr iinitv r so inut when ihe ipecilic praTiiv of 
uy body, u Gold, for imtance, ia xhiH to hf 19, Z\ c. 7, 
we mean Ihjl rqiml qiinntitie* of Waltr, Gold, an.! Zinc 

weigh retpec'ivei' I, 19, ;md7, be tbeypounds, oiinceS) 
Ei'iuni, or uiyotjier weiglut. 
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They are completely opaquf. They : 
possess a mirror-like lustre, which is oni 
tlieir characti-ristic murks ; and they presm 
a convex surface when melted in carthei 
vessels. Besides, they are all insoluhle i 
water. And by these external characters, i 
is easy to distinguish this class from all othe 
fofisilsy viz. earths, salts, bitum 
sulphur. 

Metals are concealed in the earth, and for 
orr*, which existing in crevices of rocks, a 
called veins, and are distinguished into levei 
or into' inclined, direct or obliijue, acconlin] 
to the angle ;hcy make with the horizoiu 
The part of the rock resting on the vein, 
termed, the roof; and that on wliich the veil 
rests, the lied of the vein. And the cavillc 
made in the earth, in order to extract -diesi 
ores, are called Tnint 

When nature has bestowed on metals thtl 
proper metallic appearance, or they are ool; 
alloyed with other metals, they are said to U 
iiative. When combined, as they commonl 
are in mines, with some unmetallic suhstaaci 
they are said to be miiieraiized ; the substanc 
that sets them in that state, is called a mine 
raljzer, and the compound of both, an ore 
which term is applicable when stones, 
earths, contain metallic substances, whethe 
native or mineralized, in a notable proportion 
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devera] metals are ductile and malleable, W( 
their pans may be displaced from each other 
by compression, or hammering, without 
losing their cohesion. Hence, some of them 
may be stretched out to thin laminx, or drawn 
into slender filaments ; as, for instance, gold, 
■Uver, ptatina, copper, lead, tin, and iron. — 
Other metals are fragile, or brittle, and do 
not admit of being stretched and extended ; 
such are antimony, arsenic, cobalt, bismuth, 
&c. 

All metals are fusible, but not all in the 
same degree ; thus mercury is melted even by 
the usual temperature of our. atmosphere. — 
Some metals, as tin and lead, melt even before 
. ignition ,■ others, as silver, gold, copper, iron, 
fuse only after being ignited. 

All nietuls, iron and platina only excepted, 
melt on a sudden, as soon as they are heated 
in a due degree ; but iron and platina grow 
soft before they fuse, and on this depends 
their very useful property of becoming capable 
of being welded. 

Almost all metals may be combined by 
fusion into one seemingly homogeneous mass, 
and from thence various melcilUc mixtures, 
metallic alloys, or compositions, arise ; which, 
fw iheir-particular proptnies, arc often oi 
<f great utility. 

N 
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If metals be continued iti fusion, theylSe 
their brilliancy, and become an opaque pow- 
der, ot what is termed a melallic oxyd or 
calx. 

All metals, gold, silver, and platina, ex- 
cepted, arc oxyded or calcined in fire with 
acci'ss of air. In this respect, those which 
tatinot be oxyded by jire have received the 
name oftiol'k mtlah, to distinguish them froAi 
the rest which may be calcined that way, attd 
are called bme metals^ 

Gold'is a noble inetal, of a yellow colbut^ 
and, alter platina, the heaviest of metals. Its 
specific pravityis from 19,258 to 19,640. Ha 
hardness and elagticiiy arc inconsiderable j 
bat its tenacity is great ; and with regard to 
duciility, or TViiillcabtlitj*, it exceeds all other 
AieHillic iiulistarices. 

Phtim is a noble metal of a white colour ; 
for frhiih rtasnn some called it white gsld. 
Ifi Elirb|!e it is known only since the middle 
of the prLSciii century, and brought to us in 
sniall iri'vgu lar I y- figured grains, hut which arc 
imjnirc. imd mostly contaminated with iron. 
Pure ](loiiu.i cxcectia all >it1ier mctvils,' evm 
goEd, in specific grsnity, which is found to 

" 'i 21.0B1. it'is ductile and malleable ; 

intl n.-ii;ii;ity Sire gi-cattr than 

liprgoUl, and it admits of being welded. 
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*^her is a noble metal, of a while colour, 
whose speciiic gravity- is variahle from 10,4!'4 
to 10,542 ; it is very malleable and ductile, 
andof amodenile hardness. It fuses iikaheat 
of leas intensit)- than is required by gold ; it 
is fixed in fire, and is not uiFfcted by water 
nor air, remaining in botli unaltered ; but by 
s\ilphureous vapours it is very soon tarnished. 

Mercury or mikkniher is a base met4 of a 
white colour. Its specific gravity, is upon an 
average 13,674. — It is the most fusible of 
all known metals, and continues in the fluid 
state even in the cold temperature of our 
ivinters ; it congeals only at— 40 Fahrenlieit, 
and shews then some tenacity and duclilkj-. 

Lead is a base metal of a blueish white 
colour. Its specific gravity is from 11,352 to 
11,445; it is considerably ductile, but little 
tenacious and hard, hence it may be extended 
jo thin plates by the hammer, but not drawn 
into 6ne wire. It has scarcely any elasticity. 

Bismuth is a yellowish or reddish white 
)T>etal, of a foliated fracture, and very britde, 
it being even reducible to powder by the ham- 
iner. Its specific gravity is from 9,670 to 
9,822. It is somewhat harder than lead, bu,t 
more fusible. 

Nkket is a greyish while metal, of a spe- 
cific gravity between 9,000 and 9,333, It is 
malleable, and very compact or firm. 
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t^oppey is a base metal, of a brownisK*n . 
colour ; sonorous, very tenactousi ductile, and 
mallealjle ; 6f a considerable compactness j 
oi'a moderate hardness and elasticity; and of 
an hackly fracture. Its specific gravity varies 
from 7,788 to 9,000. ' 

Arsenic is a brittle metal, and on the recent 
fracture, of a mean colour, betwixt tin-whit^ 
and lead grej' ; but, on exposure to air, itsooa 
turns black and dull. Its specific gravity is 
8,310 ; its hardness is somewhat considera- 
ble, and seemingly surpassing that of copper. 
But its ductility is so little, and its brittleness 
'so great, that it is readily converted into pow- 
der by the hammer. 

Of all metals Iron exhibits the most varie- 
ties and deviations. Its differences in colour, 
densitj', fracture, tenacity, ductility, and 
degree of fusihiliti, are uncommonly great— 
Solt and malleable iron has a greyiah-white 
colour, a light grey, fibrous, hackly fracture. 
Its specific gravity, at a mean rate, is 7,?00t 
its hardness is not great, but its malleability 
and tenacity are considerably so ; and it has 
this characteristic property, not possessed by 
other species of this metal, that whether 
cold or ignited, ^it may be extended, forged, 
and bent, without breaking. 

By cast or crude iron, that metal is imder- 
stood, which is obtained by the first smelting 
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of iron ores. Such iron is di'stinguii ^ _ . 
from ductile iron by its refusing to be 
cxCended and forged by the hammer, whe- 
ther ceUl or ignited, by its brittleneas, 
and by its fusing in strong heat in open fire, 
without addition, whereby it is rendered 
capable of being cast into moulds. The colour 
of crude iron is more or less of a pale grey. 

Steel differs from both the ductile and the 
crude iron. — Its distinguishing property is, 
that when it is tempered, that is to say, when it 
ishastily plunged in cold waterwliile ignited to 
redness, it becomes hai^er, more britde, and 
inflexible ; and that, beibrc tliis tempering or 
hardening, it is ductile, whether cold or igni- 
ted ; and also, that after having been hardened, 
it reassumes its dvictility by a fresh ignition 
and gradual cooling, without quenching. — Its 
colour is a light grey, its fracture finely gra- 
nidar. 

Cobalt is abase metal, of a lead grey colour, 
brittle and hard, and of specific gravity from 
riOOO-to r,700. Tliis metal is rather of difficult 
fusion. 

Tin is a base metal of a white colour, a 
little more verging to blue dian that of ailver- 
— It is very soft, pretty malleable and tract- 
able ; its compactness and elasticity arc but 
slight. When broken or bent, or when com- 
pressed between the teeth, it makes a peculiar 
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crackling noise, whicli is one of its charactei- 
istic propiTtiuB. The specific gravity of till 
U variable from 7,216 to r,r>31. Its graviqr 
decreases in the ratio of its purity. 

Zinc is a white metal, of a radiated textittCt 
changing into the foliated. It is of a middle 
kind between the malleable and brittle meials, 
aiid may be extended into thin laminx, At 
least between metallic cylinders in rolling 
mills. The specific gravity of this metal is 
from 6,802 to 7,315. 

Antimony has a white colour, resembling 
thar of tin, a foliated radiated texture, andis 
very britde. Its specific gravity varies 1 
6,702 to 6,860. In the air it loses little of its 
metallic splendour, and it docs not rugt ii 
strict sense of the word. 

JMijn^oJiPse isa white, hard, brittle metal, 
whose specific gra'*fity is found to be froni>! 
6,850 to 7,000, 

Mo}ybdeita'\v^ a pale lead-grey colour, a 
metallic lustre, and a lamellated fracture ; 
is very soft, and marks paper easily, leaving 
a shining trace. Its specific gravity is between 
4,138 aiid4.569. 

Wilfram is a metallic substjnce of modern 
disco-, trj-, and of a particular kind, whose calx 
oxyd is of a yellow colour, and one of thq 

mstitucnt parts of the fossil, called tungsten. 
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Another distinct metallic substance, 
a tew years since discovered by Klaproth, is 
the Uranium. The oxyd of uranium has a 
leinon-yellow colour, is fixed in fire, and infu- 
sible when alone. Ignition changes its colour 
to a bro\¥TiiSh grey. 

' We are likewise indebted to Klaproth for 
the discovery of the new metal, called by him 
Titanium or Titanite. — II is contained in the 
mineral called red shoerl as a native oxyd. 
The colour of the perfect oxyd of titanium is 
red i but when kept in violent ignition upon 
coals, and by a greater degree of disoxyda- 
lion, it gradually assumes a yellowish, bliicish, 
!uid blackish hue. 

Tellurium is a metal of a white colour like 
tin, inclining lo lead-gfey. It is brittle and 
friable j possesses a lamellar texture, and con- 
siderable metallic lustre ; is one of the moat 
easily fusible metals, and exhibits a crystal- 
lized surface when slowly cooling after fusion. 
— Its specific gravity is 6,115. 

Chrome is a white metal, inclining to grey, 
very brittle, and crystallizable at an elevated ■ 
temperature in feathered 
surface. 



k. 
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The ininei'als to be found in Englan* 
both curious and useful. Amber, jet, vitriol 
and aliun arc found in considerable quantities ; 
their canal coal approaches nearly to the beauty 
of jet, and even their common coal for firing 
is of a superior nature. The English earth 
and gravel are of the best quality ; and they 
have stones, slates, flags, and other fossili 
necessary for building in great abundance. 
Tin is another article in which England, from 
the time of the Phenicians, had always had 
die pre-eminence. The count)' of Cornwall 
alone produces more than all the worldbesides. 
Our lend ore is richer than in other counoies, 
runs more fluendy in the fire, requires less' 
trouble and cxpence in working, and is when 
wrouglil verj' fine and ductile. Their black 
lead, or wadd, found in Cumberland, is a 
mineral of gi'eat use and value in several 
branches of trade and arts. Copper and iron 
are also found there in great plenty, and seve- 
ral ores of these metals, particularly in An- 
glesey, have of late been discovered, and 
brought into use, ivhicli were unknown before 

jc lecent improvements in rl 



bF VEGETABLES OR PLANTS. 



NEXT to the earth itself ive may con- 
sider those that are maintained on its surface ; | 
^hich thougli thev are fastened to it, yet are I 
very distinct from it : and those are the whole 
tribe of vegetables or plants. Thcstr may be di- 
vided into three sorts, /ieri's,sfinil/s,and trees. ■ 

Herbs are those plants, ■whose stalks are 
soft, and have nothing woody in them, as 
grass, sowthistle, and hemlock. Shruhnxnd. 
trees have all wood in them ; but with this 
difference, that shrubs giow not to the height 
of ireca, and usually spread into branches near 
rfie surface of the earth ; whereas trees gene- 
rally shoot up in one great stein or body, and 
then, at agootldistancefromthe earth, spread 
yjto branches ; thus, gooseberries and currants 
are shrubs ; oaks and cherries, are trees. 

Numerous are the works which have been 
■ written, especially in later times, on the sci- 
ence of botany, and various systems, or clas- 
cifications of plants have from time to thne 
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. I ])Toposcd ; but the sexuiil system sf 
kmn^us is at present geoerally receiv64> 
t*his naturalist hits drairn a continued analogy 
iKtncim the vegetabk economy and that of the 
imimul ; and has derived all his classes, orderS} 
and genera, from the number, aituation, and 
proportion of the parts of fructification. In 
iwenly-four classes, he has comprehended 
every kaown genus and species. In consider' 
ing a plant with a view to its chnracteri sties, 
or distinguishing features, it is divided by 
Litmscus into the following parts, mailing SO 
many outlines, to vhicb the attention of the 
botanical observer must be directed i 1. Rqol; 
2. Trunk ; 3. Leaves ; 4. Props ; 5. Fructi- 
fication ; 6. Inflorescence. 1. The roo'con^Is 
of two parts, the cauikx and the raJicuk. 
The caitdex, or stump, is the body or knob of 
the root from which the truuk and branches 
ascend, and die fibrous roots descend, aiid i$ 
cither solid, bulbous, or tuberous ; solid, afi 
in trees and olhfr examples ; bulbous, as in 
tulips, 8(C. tuberous, as in potatoes, &c. The 
radiculij is the fihrous part of the root, branch- 
ing from the cuudex. 2. The truiii, which 
includes the branches, is that part which ris^ 
immediately from the laudex, in either her- 
baceous, shrubby, or arborescent, and admi^i 
of several other distinctions, according to its 
'lape, substance, surface, &c. 3. The leavifs 
ee'iihti shn/ik-, as those that adhere to the 
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iranct siugly, or compound, as when sev^i 
expand I'rom one footstalk. Leaves are t'artlier 
dtecribcd by various terms indicative of their 
fonu and outline, 4. The pro/is, those exter- 
nal parts which strengthctij support, or defenti, 
the plants on which they are foUnd, or servo 
to facilitate some necessary secretion j as, the 
petlolus, or footstalk of the leaf; the peiiitn- 
Cttltls, or footstalk of the flower, the sliptila, 
or husk, that is, the small leaves that geiic- 
.fally siirroiind the stalk at its divisions ; the 
cirrhvs, or tendril ; the ptlbes, or down ; tlitj 
anno, or defensive weapon, as thorns, 5. The 
fructification, or modt, of fruit-bearing, 6. 
The inflorescence, or inode by which the flow- 
ers are joined to the several pednncles. 

In plants there is an infinite diversity ; 
some require a long sm:cession of ages to 
I bring them to perfection, while others attain 
I their full matf.rity in a few hours ; some are 
of immense magnitude, while others are of 
an inferior stature, descending by gradation 
till they become too minute to be cognizable 
by thi^ senses. "ITie mig'hti' baobob of Senegal, 
described by Adanson, whose stem is 75 feet 
in circumference, stands a stately monument 
on the face of the earth fonnany thousands of 
years j while the mushroom, which it much 
■^sembles in form, springs up in a da^-, "jw- 
its seeds, and is ^^ilV\tTeA xo-tv\aYt<->'« -, 
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into that immense profound of i 
wliich has but ol late bftn partly la 
us by the invention of the mibcroscon 
the class of mosses, which are in si 
sure cognizable by the naked eye, 
farther into the more minute class 
denominated mould, which, tven i 
the largest species, are too small to 
porta cognizable by the naked eye, a 
when viewed by the best microscopes, diw 
vcr a aeries of existences diminishing h' 
regular gradation, like stars in the gal_ 
under the best telescopes, till they are lost^B 
the infinity of minuteness, leaving evcrVTt^ 
son to believe, that, could the magnify ingpQilF' 
crs of our instruments be augmented to a thaf 
sand fold, we should suU find ourselves aa ftl 
from discovering the termination of this scrici 
of infinite diminution as we were at the cotOii 
menceinent of our imperfect survey. Thff 
i/orld that we see, therefore, seems to be but 
a very small part of that which exisU ; our, 
feeble optics are capable of taking in scarcely 
apoint of that umvcrBc wliicli"surrounds us j 
iind our imperfect undi-rstandings can scare*-', 
ly obtain a glimpse of that infinite power and 
wisdom which regulates the whole. Among, 
^is inanity of objects, however, we can clearly 
e the most perfect regularity and order 
l^adilg every pan -, av\d that all the opera- 




mf6£ nature proceed with i; 



k to effect, the 

n designed. 



purpoi 



riablc stea-'' 

s for which they 



that all animate objects, 
t tKat hfls been discovered on 
e,to the smalJest that can ever be made 
t perceptible to us, invariably proceed 
'icr animated objects of the samekind, 
^ 1 they appear at timeS under such 
Ked forms as not to be at first sight cog- 
eby us. Thibrule applies to vegetables 
'mals. The plant of mould, 
. even when it hath af.ained its full 
icarcely be perctived as a point 
Under our microscopes of the highest niagni- 
fyiDg powtr, we have everj- reason to be 
Wtisfied, pi-o(luces its seeds in as regular 
Qcder, which ripen at their appointed period 
■with the samcregidarilyasthose of the mighty 
Inobob ; but while this remains a stately 
XOORUment upon the surlacL- of this earth, and 
sees thousands of generations of men succeed 
each other, and successively shelter them- 
selves under the pi-otccting shade of its 
spreading branches, we observe the tnovid 
Spring up, perfect its seeds, scatter them in 
imperceptible myriads in the air, and disap- 
pear within the short space of one hour t so 
that during the short period of our existence 
'iSte manv inj-riads oi generations of mould 
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have succeeded each other. Ti, 
when the universe is viewed as b whole, 
only be cansiilered as a relative object. ShaO 
man then, a being who cannot comprehend 
fully the nature of a single object around luOb 
dare proudly to lift up his face, and preteo^ 
to decide concerning possibilities and the 
powers of nature ! His proper province tfl te 
be humble and adore 7 

The plants with which we are best acquaint- 
ed may be arranged into three grand divi- 
sions. The _first are thdSe whose roots and 
stems remain for many years, winch coffiprt- 
hends all the varieties of trees and shrubb 
'JTiese, for the most part, require several 
years to bring them to a state of puberty ^if 
that phrase may be admitted), when they 
begin to put forth flowers, and perfect their 
seeds ; after which time they usually continue 
to produce an annual crop of flowers and 
seeds for a long period of time ; the fniit in 
general succeeding the flowers, and perfect- 
ing their seeds in the same year ; but to this 
rule there are several cscep'iocs. In a {gw 
instances the seeds do not attain to maturity 
in the same season that the flower is prod^l- 
ced ! but, continuing upon the tree the wh(^ 
winter in an immature state without bemj 
, they advance in the second 
1 only perfect their seeds i ii 
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of which arc to be found in the jnnipei" and 
orange -trees. Others continue to advance for 
several years, as usual, whhoul showing 
fruits ; and when at lengtii they reach that 
state of maturity, they then flower, and, having 
perfected their seeds, they decay and flower 
no more, dying down like nnnual plants i an 
example of which is to found in the cabbage- 
tree of tropical regions. Some aVe scarcely • 
«ver (perhaps never) known to produce either 
flowers or seeds of any sort, but admit of 
being propagated by some other means ; in- 
stances ofwhich are to be found in the English 
elm of ouroivn country, the Jack, or bread- 
fruit tree of India ; cind many others. 

The second division of plants are those that 
have a perennial root, from which stalks are 
sent forth annually, which usually produce 
flowers, perfect their seeds in the summer, 
and die down to the ground at the approach 
of winter. The stems of these are for the 
most pan of a similar structure and consist- 
ence with those of 

The third class, or annuals, from the seeds 
of which, if sown in the spring, stalks spring 
up which produce flowers and seeds the same 
season ; after the perfecting of which the 
sUlfca decay and die entirely away. Biennials 
lly be viewed as a diversity of these tliat 
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have not sufficient length of season to 1 
them 10 perfection in one year. 

Whether distinctions similar to these take 
plate among those minute tribes of plants 
which ve call microscopical, it exceeds oW 
power at present to determine. From dlff 
short period of their existence, we have beeit 
generally inclined to think that they arc all 
siniiUr in quality to annuals ; that is to aay^ 
that they flower but once, and die down im- 
mediately after they have once perfected theil 
seeds. Yet, who dares pretend to say, ttut 
the plant of mould, which exists perhaps hoi 
one of oLir hours, may not produce in that 
period m.nny thousands of successions of ripe 
seedH, each of which has taken its due season 
to ripen like those of the baobob, which flou- 
rishes on our globe for hundreds of ages! foi 
' the same infinite power which has decreed 
that the total duration of this phint shall be 
limited to an hour, iniiy have also decreed, 
that the maturation of its seeds, and the 
completion of a period that to if should be 
similar to that of our year, should be accom- 
olished in the thousandth part of a second of 
" r time. 
A\l plants seem.jo groiv in the same Toan- 
y.z uie genial'warmth of the sun, the re- 
^eahment of the rains, the same soils appear 
to suit their respective species ; and. unon « 
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T^perGcisI glance, they seem to have the asms 
commoD parts, A chemical analysis discovers 
the same constituent principles in a1!, that is 
to say, calcai'c oils earth, oil, water, and air, 
with a ponlon of iron, to which they owe their 
beautiful colours. Yet, although composed 
of similar materials, their juices to the eye, 
»nd to the taste, appear as various as their 
ibnns. The soporific milk of the poppy, the 
acrid biit equally milky juice of the spunge, 
the acid of the sorrel, the saccharine sap of 
the sycamore and maple, and fhe resin of the 
tribe of pinea, bear no resemblance to each 
other. 

The in^vard structure of plants is as regular 
and various as their external forms are ele- 
gant and well-proportioned. The root, trunk, 
branch, leaf, flower, fruit, and seed, have each 
its peculiar character and form. No part in 
the contexture of the smallest fibre is unfi- 
nished, but, is formed with the most minute 
e?>aetness< 1'he seeds of plants have the ap- 
pearance of shells, unlike in form, and diver- 
sified with spots and stripes. Every seed 
possesses u reservoir of nutriment, designed 
for the gi'owth of the future plant. This is 
(he matter prqisred by nature for the repro- 
liiiC'-ion and continuation of the whole species, 
lutrinient consists of starch, mucdage, 
M-ithin the coat of the seed, or of sugar 
O 2 
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apd subacid pulp in the fruit, which belongs 
to it. The sections of the various kinds of 
trcca arc crossed with the greatest number itf 
regular figures, which the imagination catt 
conceive. The Unca, which fonn the texture 
of (ir-trccs, arc distant ; but those of oak 
arc close iinti compact. — And this diiference 
of texture niaj' serve to account for their 
^aier or less solidity, and the difference of 
time requisite for them to arrive at maturity. 
The nourishment of plants is perfor:iied 
chiefly by die tender fibres of the roots, which 
being spread uftdcr ground, imbibe from the 
moist earth juice fit for their nutriment, which 
they transmit to the other parts. The impulse 
by which the juices rise seems to be capillary 
utiraclion ; for the roots of all vegetables are 
supposed but bundles of capillary tubes : and 
whether we consider earth, water, salt, and 
oil, as the food of plants — nr, with Kirwan, 
thai coal is essential to that food — or with 
Ingenhouz, that it is vital air decomposed into 
fixed air iind uzoie ; still that food must be 
formed by water into an emulsion, capable of 
beina acted upon by capillary attraction ( and 
roots art but aaai mblages of these tubes,, 
can be little doubt but their attraction 
lies the plant with its first food i. though 
et causi.a must assist in carrjing it to die 
topa of the tallest trees, &>i(Av aa '6:\\aiM:\a».«EA 



PLANTS. 163 

cuntracttoTi, by the successive heat and cold of 
day aod night, the muscular action of vascular 
rings round the tubts irritated to contractioo 
by the stimulant sap, ike. The iuterior bark 
conducts the nourishment supplied by the 
«arth. 

After the sap has thus ascended to the 
]e'aves, it there undergoes cert;iln alterations, 
and is converted into anotherfluid, called the 
jiucCux propriux, or peciciiarjvice ; which, like 
the blood in animals, is afterwards employed 
in forming the various substances found in 
plants. The leaves may therefore be consi' 
dered as the digesting organs of plants, and as 
equivalent in some measure to the stomach 
and lungs of animals. The leaves con- 
sequently are not mere ornaments ; they are 
the most important parts of the plant. Ac- 
cordingly we find, that whenever we strip a 
plant of its leaves, we strip it entirely of Its 
vegetating powers till new leaves are formed ; 
for when the leaves of plants are destroyed by 
insects, they vegetate no longer, and their 
fruit never makes any further progress in 
ripening, but decays and dries up. 

Leaves on one side draw nutriment from 
the air, and perspire on the other j for plants, 
as well as animals, perspire, and, in both 

asus, this function is essential to health. 

K quantity they perspire v^rvi?,^ wLtcK&s,'?^ 
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(he extent of the surface from 
emitted, the temperature of the air, the time 
<if the day, and the humidity of the atmos- 
^ere. Leaves form the greatest part of the 
surfacCt and it is found that the quantity of 
these very malerially affects the quantity at 
persptration ; and this process is incrt^asud or 
dhninished, chiefly, in proportion to the in- 
crease or diminution of the foliage of vegct«- 
bles. ITie degree of heat in which the plant 
is kept, also varies the quantity of matter 
perspired j this being greater in propor- 
tion tu the gi-eater heal of the surround- 
ing atmoapherc. The degree of light has 
likewise considerable influence in thisi-esp^ct; 
for plants uniformly perspire most in the fore- 
noon, though the temperature of the air, in 
which they are placed, should be unvarieil. 
A p'.ant also exposed to the rays of the sun, 
lias its perspiration increased to a much 
greater degree than if it had been exposed to 
the same heat under the shad-:. Finally, the 
perspiration of vegetables is increased in pro- 
portion aa the atmosphere is drj-, or, in other 
words, diminished in proportion as the at- 
mosphere is humid. The more vigorous and 
healthy the phini, the more copious ihe per- 
spiration-; this fujction, like the rest, depend- 
ing much on the vital energy. Excessive 
perapiration seems to hurt, und even aome- 
times to destroy, vegeiaWcs *. AeitM^vNt-^cf 
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<ii is equally injurious. It i; 

a function is performed, chiefly, if 
altogether, by the leaves and young shoots. 
That it may be properly carried on, all leaves 
. are deciduous ; in those trees called ever- 
grfens, there being a constant succession of 
leaves, to prevent the organ of perspiration 
from becoming rigid. 

A quantity of moisture is absorbed by 
plants, when exposed to ahumidatmosphere. 
This absorption, as well as the perspiration, 
is performed by the leaves ; but in wtiat 
manner has not yet been ascertained. Expe- 
riments made by M. Guettard shew, that 
perspiration is more considerable from the 
upper, than from the under, surface of the 
leaves. 

Plants in general are known to receive and 
transpire more, in equal time, than large ani- 
mals. It has been found by accurate calcula- 
tion, and repeated experiments, that a plant 
of the sun-flower receives and perspires in 
twenty-four hours, seventeen times more than 



Some botanists have conceived, that plants, 
as well as animals, have a regular circulation 
of their fluids. Others think this very impro- 
bable. On both sides, recourse has been had 
to experiments, and from these conclusions 
perfectly opposite have beeti itivittii, s tsi 
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. T character. He beholds the wondei 
<l'tp;aliti of Dature, even iu the compositicHi 
ihc conynon daisy, which consists of mo 
than two hundred flowers, each including iU 
respective corolla, germ, pistil, stamina, jutd 
seed, as perfectly formed as those of a com- 
plete lily, or hyacinth. And he sees tliis di* 
veraily as fully illustrated in the different 
fiorts of grass, a term which, although it 
commonly conveys only one notion to the 
vulgar mind, and one object to the undiscaii- 
ing eye, consists of five hundred difftrelt 
species, each formed with infinite beauty and 
variety. From others he particularly disdfl- 
gujshes the elegant bi-iza media, so common 
in the liclds, and so remarkable for its delicate 
Iiair-like stem, trembling at every breeze _ 
the anthoxanthitm odoratum, which gives its 
fragrance to the new-mown hay ; and the 
stipa pennata with its waving plumes resem- 
bling the feathers of the bird of paradise, 
'llie botanist enjoys a pleasing and innocent 
amusement, most agreeably combined with 
love of rural retirement, and which gives 
new and growing interest to every walk and 
ride, in the most delightful season of the 
year. Indeed man cannot contemplate the 
vegetable creation without recalling the idea 
of beauty, sweetness, and a thousand charms 
tliat cap'tivatg^^^foses. The perfunnc of 
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the rose and the stately magnificence of the 
forest successively catch his attention and 
delight him. 

The number of species of plants already 
•Imown is about twenty-five thousand ; and 
botanists suppose that double that number, at 
least, remain to be discovered. 

The different vegetable productions are no 
less useful than numeroust The purposes to 
which the trees of Britain are applied are wel} 
known, from the flexible willow, \vhich forms 
riie basket, to the hardy oak, which compo- 
ses the most substantial parts of a ship of 
war, guards the British islands from fo- 
reign invasion, and displays to the most re- 
mote countries the greatness of her maritime 
power. All possess different qualities, adapt- 
ed to their different pui-poses. The meanest, 
and in their appearance the most unpleasant, 
have their use; even the thistle is not only the 
food of some animals, but is serviceable in 
nnaking glass. There is scarcely a plant 
which although rejected as food by some 
animals is not eagerly sought by others. 
The horse yields the common water hemlock 
to the goat, and the cow the long-leafed water 
hemlock tothe sheep. The goat again leaves 
the aconite, or bane-berries tn the horse. The 
euphorbia or spurge, so noxious to man, is 
Sireedily dsvoured by some of the insect 
P 
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Ss. The aloe is a maguziDC of pro' 
ahd of i mplements to the Indians who inhai 
the bii Ilka of the Ohio, and the Mississippi. 
Some plants, as rhiiliarb and opium, alleviate 
the tortures of pain ; and some, as the quin- 
quina, or Peruvian bart, can subdue tlierage 
of the burning fever. Wheat, the delicious 
and prolific grain, whicli gives to the inhalu- 
tants of the northern world their wholesome 
TiiUriment, grows in almost every cliu)ate< 
IV'here excessive heat or other causes pre- 
vent it from coming to perfection, its place is 
amply supplied by the bread-fruit, the cassavi 
root and maize, xmd more particularly by 
rice, which h the common aliment of thai 
great portion of mankind who inhabit the 
warm regions of the earth. Every meadow 
in the. vernal season brings forth various kinds 
of grass, and this spontaneous and most abuii' 
dnntof all vegetable productions rerjuires only 
ihe labour of the husbandman to collect ita 
harvest. The iron-wood,, solid as marble, 
furnishes the Olaheitean with his long spear 
and massy club. The wild pine of Campeachy 
retains the rain-water in its deep and capaci- 
ous leaves, not less for the refreshment of the 
tree itself, ihiin oj" the thirsty native of a' 
burning soil. The cocoa of the East and West 
Indies answers lunny of the most useful pui^ 
poses of Hie to the natives of a. warm, climate. 
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Its barft is manufactured into cordage 
cloathing, and its shell into useful vessels ; 
its kernel affords a pleasant and nutritive food, 
and its milk a cooling beverage ; its leaves are 
used for covering houses, and are worked 
into baskets ; and its boughs are of service to 
make props and rafters. The rein-deer of the 
Laplander, so essential to his suppoit and- 
subsistence, could not survive through the te- 
dious winter, without the lichen rangiferinus 
which he digs from beneath the snow. On 
I the bleak mountains of die north, the pine, 
I the fir, the cedar, and many of ihe resinous 
I trees grow, which shelter man from the snows 
by the closeness of their foliage, and furnish 
him in winter with torches and fuel for his 
fire -side. The leaves of tliose evergreen 
trees are fiUiform, and thus are adapted to 
reverberating the heat, and resisting die -vio- 
[ lent winds which beat on elevated situations. 
' All these productions, and the various trees 
which produce cork and emit rosin, turpen- 
' tine, pitch, giuas, aod balsam, either supply 
some constant necessity, obviate some incon- 
I venience, or coniribute to some use or grati- 
I iication of the natives of the soils where they 
i ^row, or of the inhabitants of distant climates. 
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WE are now come toconsiderthe !•( 
nobU-st, and the most beautiful part c 
creation : the creatures for whom this eftrA 
seems to have been entirely formed, and for 
whose repast or use the whole of ii 
gent produciiona appear to have been broug^ 
forth ; these are the animated tenants of our 

When we compare animals and vegetables 
together, each in their most perfect state, 
nothing tan be easier than to disting^iish them. 
The plant is confined to a particular spot, and 
exhibits no marks of consciousness or intelli- 
gence ; the animal, on the contrary, can re- 
move at pleasure from one place to another, is 
possessed of consciousness, and a high degree 
of intelligence . But on approaching the con- 
tiguous extremities of the animal and vegeta- 
ble kingdom, these striking differences gra- 
dually disappear, the objects acquire a greater 
degree of resemblance, aiida\.\as\,^^TO'w^ ' 
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ith other so nearly, that it is scarcely poJ 
bit to decide whether some of those species 
which are situated on the very boundary, be- 
long to the animal or vegetable kingdom. 
Indeed we find ttie vegetable, animal, and 
mineral kingdoms so closely connected, like 
theUnksof achain, that there is no possibility 
ef finding a disjunction in any part, nor say- 
ing with precision where the one ends and 
ihe other begins, so nearly do they approach 
each other in the extremes of each class. 

The term animal, in a general sense, in 
applied to every thing that is supposed to be 
alive to the sensations of pain and pleasure. 
Under the name of animal, dierefore, are 
included men, q^iadrupeds, birds, fishes, rep- 
tiles, and insects. Animal Literally means a 
Jhing- thing ; but plants live. Liuna;ns has 
formed a climax of the grand departments of 
creation. — Stones grow ; vegetables grow 
and Hve ; animals grow, live, and feel. 

Various are the corporeal forms, and great 
are the peculiarities of organization of the 
different animals which inhabit the globe ; 
and equally various are their intellectual 
powers ; beg'mning with man, who forms 
*he highest link in the chain, and descending 
by an almost imperceptible diminution of 

pjtal powers, through an innumerable series 

''ijstences, and endingat.V'iEiVmto.e.t'i- ■;»«!«» 
P 2 



ir* ANIMALS. 

mat'ron alone, with a seeming privation of all 
mental perception whatever. 

As an animal, man is strikingly diattn- 

gviishable from the rest of the creatures of the 

earth, on account of the ingenuity with which 

he employs the productions of nature for hia 

accommuilation and comfort. He is also par- 

> ticularly distinguishable by the originality of 

I. his ideas. Instincts in common with brutes, 

snake up a part of his character ; but he is 

I principally the creature of experience andre- 

I flection. When an infant comes into the 

world, it is the most helpless of all creatures ; 

I no danger alarms it, nor can it make the 

smallest effort to preserve itself. A tiger 

may .ipproiich it without occasioning terror ; 

nor would it attempt to screen itself when the 

' lion's mouth is opened to devour it. The 

I voice of the mother is not understood for 

f many weeks ; and it is but by slow degrees- 

tliut it acquires knowledge, in consequence of 

I the grjiflual devclopement of its reasoning fa- 

. cnlties ( but as its progress is more slow, so 

I it« i^ltimate attiiinments are proportionally 

I gr. iLT than that of other animals. The 

I chicken, within the first eight days of its life, 

[ aeepis to have made nearly the whole mental 

fienlents it is ever qppable of attaining j 
period of human life can be assigned 
fie Jneotal progress of man isat astnnd. 



Man alone is alile to i'orm an idea of an ab- 
stract proposition, or to reason about distant 
occurrences. He alone can reason from con- 
sequtncea to remote causes, and can from the 
creature trace an idea of the Creator. A 
sanse of religion then, is the characteristic 
peculiarity which decisively marks a separa- 
tion between man and all other animals. 

But as the understanding of man and the 
structure of his frame will occupy the follow- 
ing chapters, we will in this confine ourselves 
to A view of the other parts of animated 

Animals, like vegetables, differ in their 
sizes and powers, with respect to the places 
of their growth. Those produced in a diy 
sunny-soil, are strong and vigorous, though 
not lu\uriant : those again produced in a 
warm and moist climate are luxuriant and 
tender, and much larger than those produced 
in other countries ; as in the internal parts of 
South America and Africa, particularly in 
the former place, where the earth worm is 
near a yard long, and an inch thick ; the Ser- 
pents sometimes forty feet in length ; the 
Bats as lai'ge as Rabbits ; Toads bigger than 
Ducks ; and the Spider equal in size to the 
English Sparrow. But in the frozen regions 
E flic north, animals are sc 
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ment of animals, we shall more partici 
consider, as they are common to man 
beasts, in the following chapter- 

Animals are generally divided into male 
and female, and some ai'e both male and fe- 
male, and are called hermaphrodites, as the 
earth-worm aad some others. With regard 
to their manner of propagation, they are di- 
vided into csi^arou.f, bringing forth eggs ; and 
siiviparousy bringing forth their young alive. 

Linnxus divides animals, according to 
their internal structure. Some have the heart 
with two ventricles, and hot, red blood : vtz- 
Quadrupeds and Birds ; others have the 
heart with one ventricle, and cold, red blood, 
viz. Amphibia and Fishes j the former beiitg 
furnished with lungs, and the Fishes wiA 
gills. Sonae have the heart with one ventri- 
cle, and cold, white serum, viz. Insects and 
Worms i the former being furnished with 
feelers, and the latter with holders, 
quadrupeds, .which have teats, are distin- 
guished by their teeth. These form the fol- 
lowing seven orders ; the Primates or Prin- 
cipals, which have four cutting teeth in each 
jaw ; the Brutic or Brutes, which have no 
cuitingteeth; theFerseor Wild Beasts, which 
have generally six cutting teeth in each jaw (; 
the Glires, or Dormice, which have two cut* 
tiag (eeth both above atvdXjeXnw -, 'Cfte.^csratK 
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I or Cattle, which have no cutting teeth above^ 
I and BIX or eight Below ; the Bellua, or 
I Beasts, properly so called, which have the 
fore teeth hlunt ; and the Cetie, or those of 
the Whale kind, which have .cartilaginous 
teetli. This is the brief outline, of this cele- 
brated Naturalist's arrangement, the names 
of die different animals, and their respective 
classes, occupjing no less than two large oc'^ 
tavo volumea ; but the natural division of 
animated nature, is universally allowed to be 
the five foUowing classes ; Quadrupeds, 
Birds, Fishes, Insects, and Aniphibioua 
Animals ; though it must be confessed that 
this distribution is not exactly defined by 
nature ; as there are many animals whose 
forms and qualities render it difficult to reduce 
them lo any one of these classes. 

I. ^ladri/pedi. — Quadrupeds arc a large 
and useful class of animals, whose generic 
characters are these ; their bodies are covered 
with hair ; they liave four feet ; they are^vi- 
Viparous ; and .the females suckle their 
young. 

Quadrupeds are the most important crea- 
tures to man, and <leser\'e his attention 
more than the inliabitants of either the. air,, 
or the water. They inhabit the same soil with 
wan ; and among them are found beings pos- 
sessing 3 greater share oi maUivcs. "Okksv "Cm-. 
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inhabitants of cither air or water ; they bl 

through their lungs, like the human species 

like these they are viviparous ; they have also 

warm red blood circulating through tbetT 

veins ; and, however niortifyin5 the reflt 

tion to human pride, many of them, both 

^ their internal and external form, bear a strong 

resemblance to man ; the interior structure- 

• of some of the ape kind, so nearly, resemble* 

that of the human kind, that anatomists caK 

I scarcely discover where the peculiarity exiats> 

Though the characters of Quadrupeds are 

so obvious, yet as all the parts of nature ar 

united together, to form one gr;md whole 

there are Heveral species, which seem to be 

of an equivocal nature, and which form thft 

links, uniting different animals together [ 

the Bat and Porcupine, the former of which: 

I possesses wings, and the latter quills, like 

I Birds; the Armadillo is covertd with a hard 

■" «hell, by which it seems to partake of the 

r nature of Insects, or Snails ; and the Seat 

[ and the Morse, thougli evidently of the Qua< 

druped kind, are furnished with fins, and 

reside almost constantly in the water. 

Quadrupeds, tike all other animals, are wise- 
ly adapted by Providence to their respectivfr 
situations ai^d natures. Those which turn \xp 
the ground in pursuit of their food, have 
filarpsnouts ; others, \';Vvt\\\t^\\.\\tc-AV.eeti- 
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rf sceut, as dogs, particularly those of the 
chace, have long noses, whereby the olfactory 
nerves are more perfect ; while others, of a, 
rapacious nature, have short thick noses, 
whereby their jaws have a greater muscular 
power, as those of the Lion ; and all granivo- 
rous animals have a strong tendinous liga- 
ment, extending from the head to the middle 
, of the back, to enable them to hold down their 
> heads to the ground j the fore teeth of these 
animals are also edged, for the purpose of 
cutting their food ; but those of carnivorous 
aDimals are sharp, and serve rather as wea- 
pons of offence. In both, however, the surface^ 
of -the grinding teeth are unequal and jagged, 
locking into each other when the jaws are 
brought into contact. The stomach of carni- 
vorous animals is also small and glandular ; 
and aiTords such juices as are best adapted to 
digest and macerate its contents j but those 
animals which subsist on a vegetable diet, 
have four stomachs ; all which serve as so 
many laboratories, to prepare the food for 
the nourishment of the body ; and, in general, 
granivorous animals, whose food is easily 
^ phjcuredi'liavc large capacious stomachs, and 
capable of great dilation ; whereas carnivo- 
rous creatures have the stomach more con- 
trftcted, and the intestines curtailed, whereby 
ihey are enabled to subsist (or a. \o^^^« '^''W 
without food. Strong large %vi\«viAs., ^'W) 

f_ ^ ■■ 
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are neither formed for pursuit nor 
ihe Elephant, Rhinoceros, Sea-Horse, 
have thick massy legs, to support their un- 
weildy bodies. While Deers, Hares, and 
Other creatures, whose saiety depends on 
flight, and who are beset by numberless ene- 
mies, have long, slender, but muscular legs. 
Those formed for a life of rapacitj- have iheir 
feet armed with sharp claws, which in some 
species are retractile, as those of the Cat; 
and, on the contrarj', peaceful animals are 
generally furnished with hoofs, which often 
serve as weapons of defence ; and the feet of 
those which subsist on fish, ha\e membranes 
between the toes, the better to enable them to 
pursue their prey in the watery element. 

The largest species of Quadrupeds are, in 
general, the most harmless and inoffensive j 
and, as if sensible of their own innocence, they 
possess the most courage ; while the more 
rapacious animals are inferior to thdee in 
size, and also in courage ; and, except the 
Dog, there is no carnivorous quadruped, 
that wilt voluntarily attack another animal, 
when the odds is against him. Thus nature 
has furnished the most inoffensive animals 
with superior size and strength ; and oppo- 
sed to them the carnivorous kinds, which 
possess more cunning andagility, wherebyan 
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eqiulibrium is preser\'ed between the numbers 
of the different kinds. 

The carnivorous aniniaU are, in general, 
confined to their retreats during the day, and 
commit their depredations by night ; when 
Ae forest resounds with the tremendous roar 
of the Lion ; the hideous yell of the "Tiger ; 
the barking of the Jackal ; the distnai cry of 
the Hyieua ; and the hissing of the Serpent. 
Most of these kinds of animals take their 
prey by surprise from some ambush, where 
they lay in wait, more than by a regular pur- 
suit. There are some, however, which pursue 
in companies, mutually encouraging each 
other by their cries, as the Jackal, Syagush, 
Wolf, and Dog. Carnivorous animals will 
sometimes devour the leaser rapacious spe- 
cies i but they generally prefer the fitsh of 
granivorous creatures, and commit their de- 
vastations among the peaceful domestic flocks 
and herds. — The most defenceless creatures 
have different methods of providing for their 
safety. Some find protection in the holes they 
form in the earth ; <5thers are enabled to 
escape their pursuers by flight ; others again 
unite for their mutual defence, and gain, by 
numbers, what they want individually in 
strength ; and, lastly, others avoid their ene- 
mies, by placingsome of their own company as 
centiiieis, to warn them ot t\\e 'tw'iX. w^\.\ss'w2^' 
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iTdangcr ; a duty in which they are ael 
negligent, and for the neglect of whicb they 
are invariably punished by the rest. 

II. Birds. — Birds, next to quadrupeds, 
seem to demand our attention. The generic 
characters of this class of animals are these .( 
the body is covered with feathers, and fur- 
nished with two legs, two wings, andahwd 
homy bill ; and the females are ovipxroiu* 

Birds are infinitely more numerous in their 
different kinds than quadrupeds ; but still less 
so than Fishes. They seem designed by Pro- 
vidence for a solitary life ; and though infe- 
rior to the brute creation in the powers o£ 
attack and defence, they possess a greater 
faculty of escape j and the greater part of 
them immediately elude their enemies of the 
quadruped and reptile nature, by an serial 
escape ; for which all parts of their bodies 
seem admirably adapted ; the external form 
of the body being sharp before ; swelling gra- 
dually, and terminating in a large spreading 
tail, which renders it buoyant, while the fore 
part cleaves the air- 

The cloathing of these animals is exactly 
suited to iheir manner of life. The feathers 
all tend backwards, and neatly, and closely 
fold over each other, which answer the triple 
purposes of warmth, speed, and security. 
Those phced acKl thesVinatc t>irt\v^W4Mi\\\\ 
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a''irarm soft down ; while the exterior ones 
are arrayed with double beards, longer at 
ooc end than the other, and which consist of 
thin little lamins, disposed in ri[»«Iar lines, 
and perfectly even at their edges. The shaft of 
each feather is formed of a thin hollow tube, 
which answers the purposes of strength and 
lighttiess i the upper part being filled with a 
soft pith, to afford nourishment to the beards. 
They are so placed, that the largest and 
strongest, or those of the wings and tail, have 
the greatestshareof duty to perform in flight. 
The upper external side of each single fila- 
ment, in the beard of the feather, is furnished 
with hairs on its edges, which lock into those 
of the next filament, and thus form an entire, 
but light, smooth surface. Birds are also 
furnished with certain glands upon their 
rumps, which contain aquanttty of oil, which 
they press out with their beaks, and rub over 
their feathers j in order to smooth them, and 
enable them to turn off ihf the water. Aqua- 
tic Birds, as the Duck, Goose, &c< havi 
greater ([uantiti' of this oil ; but those v.hlch 
live principally under cover, and seldom ex- 
pand their wings, have a less proportion of 
it ; as the common Hen, whose feathers are 
3 every shower of rain. 

■'ection of sight far 91 
r to diat of cither man or \Jl:^At^ n^' 

-SLS 
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,_ "ecessaiy for their safety and supi 
Wirre it less perfect, Birds of rapid fligni 
would strike against every object in their way ; 
and be unable- to discover their proper food at 
a distance. The Kite darts on its prey, trom 
the greatest hciE;hts to which it ascends ; and 
the Hawk will discover a Lark, at a distance 
too great for human perception. 

Aquatic Birds have webbed feet, or mem- 
branes between their toes, to assist them in 
swimming J other birds have their toes dis: 
joined, the better to enable- them to catch 
their prey, or cling to the branches of trees. 
Birds, with long legs, have also long necks, 
to enyblf* thpm to pick up their food ; but 
some Aquatic Birds, as the Swan and Goose, 
have long necks and short legs. 

Birds :ire destitute of urinary bladders, yet 
.hej' have largp kidneys and ureters, by which 
ihe secretion of urine is performed, and then 
iirried away with the other excrements, in 
nc common canal; by which mtane they are 
■St, biinoxjous to diseases than quadrupeds, 
who drink much, and have a sc parate passage 
for the ejection of the fluid excrement. 

The greater number of Birds pair at the ap- 
proach of spring j and the roniTia'-t entered 
into is inviolably observed, for ihnt sirsonat 
ieast ; h"* some spccu-s entei into this con- 
pection Hif years, and even tot Mc. 



ANIMALS. 18- 

All Birds are oviparous ; and the Hens ot 
some species will lay eggs though they be not 
nccompanicd by the Male ; as the common 
domestic Hen; but eggs of this kind are 
always sterile, never producing alive animal. 
Every bird builds its nest, in such a manner, 
aad with such materials, as best to answer its 
own purpose and situation ; thus the Wren, 
which l^ys a great number of eggs, requires a 
very warm nest; as her body isnot sufficiently 
large to cover the whole of them ; but the 
Crow and Eagle are less sohcitaus in the 
warmth of their nests, as the small number of 
eggs they lay, and largeness and heal of their 
bodies, aflbrd the eggs sufficient warmth. 
The same Bird abo, when in a cold climate, 
lines its nest with more care and warmer ma- 
terials than in a warmer climate. The male 
likewise of most birds, during the season of 
incubation, supplies the place of the female, 
in her absence fi-om the eggs ; and supplies 
her with food during the time of her siuing. 

Those birds which are hatched early in the 
season, always prove more vigorous and 
strong, than such as have been dclaifed till the 
middle of summer. The number of eggs 
■which abird will lay, is pot exactly asceitain- 
td i but it is well known, that a female Bird^j 
which would have lain but two or three egSU 
at most, will, on her eggs being remoijMH 
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lay above ten or a dozen. A com 
if properly fed, wilt produce above 
eggs, Irom the beginning of spring to the end 
of autumn. Nature has wisely ordered it, 
that the smallest and weakest birds ; and, in 
general, all those which are most serviceable 
to man, are the most proline : while the 
strong and rapacious kinds are marked with 
sterility. 

Birds are in all countries, longer lived than 
the brute creation ; the Linuft will often live 
fourteen or fifteen years ; the Bullfinch tweB' 
ty i the Goose fourscore ; while Swans, 
Eagles, and some others, have been known to 
live two, or even three hundred years. 

The number of species of Birds, which 
mankind has rendered domestic, are but few, 
as the Peacock, Turkey, common Hen, Gui- 
nea-Hen, Pigeon, Swan, Goose, Duck and 
Guinea-Duck, being only nine, while the 
numberof all ihe species known exceed fifteen 
hundred. 

III. Amphiihtis Anvnab are all those, who 
are capable of living either on land or in the 
water. They are furnished with lungs and air 
bladders, adequate to this purpose. Such are 
- the Frog, Castor, Otter, Tortoise, Sea-Calf, 
Alligalur, &c. 

_ Numbers of insects, particularly of the Fly 
kind, appear to be amphibious ; Gnats always 
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drop their eggs in water, where the young are 
hatched, and live after the manner of fishes ; 
till at length they undergo a metamorphosis, 
take wing, quit their natural element, and 
become inhabitants of the air. 

IV. Fishes. — Fishes are a class of creatures 
that appear, both in structure and sagacity 
quite inferior to other animals ; though capa- 
ble of enduring famine an amazing length of 
time, they appear most voracious creatures ; 
a ceaseless desire for food seems the ruling 
impulse of their actions ; and their life one 
continued scene of violence or evasion. 

Most fishes present the s.ime estemal form ; 
sharp at both ends, and bulky in the middle ; 
which shape is most convenient for their pas- 
sage thi-ough the watcrj- element. Mankind 
have imitated this form, in the construction 
of their marine vessels ; but the progress of 
such machines is far inferior to that of fishes ; 
any of which, will, with ease, outstrip a ship 
in full sail ; play around it, loiter behind, and 
overtake it. 

The instruments of motion in these ani- 
mals are the fins ; of which the general com- 
plement is two pair, and three single fins ; 
though some fish possess more, and many less 
than this number. The pectoral fiifs, are pla- 
ced at some distance behind the opening of 
the gills J and are generally strong and large ; 
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answering the same pu 
I wings doto xbirdinthe; _., ^ 

the body forward, like the oars -to U. 
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answering the same purpose, c" ^ j^^^^ 

I wings do to xbirdintheair; naWieV;^, p^HII^H 

the body forward, like the oars -to *^^?^J 

They also serve to balance the body ^^^^y^*^ 

fish, and prevent the head from sV j,^ . ' 

which it wotdd otherwise do. The ventre/ ^''^. 

are placed under the belly, towards the low^ 

part of the body j these are always exttnd^^ 

I flat on the water, in all situations ; and aervt^ 

' to raise or depress the body of the animal 

rather than assist his progression. The dorsal 

fin, is situated along the ridge of the back ; 

I and serves to keep the fish in equilibrium, and 

also assists it in its velocity. This fin is veiy 

I large, in all the flat fish ; the pectoral fins of 

which are proportionably less. The anal fin, 

' extends from the anus to the tail, and serves 

, to keep the body of the animal upright, or in 

a vertical direction. In some fishes, as before 

observed, the tail is horizontal, and in others 

perpendicidar. Thus equipped, these animals 

have the most rapid motions ; and perform 

I voyages, of upwards of a thousand leagues in 

I one season. 

I Fish are also furnished with a slimy glutl- 

I nous mailer, which overspreads the whole 

body, and defends them from the corrosive 

quality of the water. Beneath this matter, 

L some have a strong covering of scales, whij ' 
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Beneath which, again, there 
substaoce, which supplies the animal with 
lecessary warmth and vigour. 
isfaes possess most of the senses in sin 
rior degree to land animals. Their sense 
nelling, (though furnished with nostrils) 
ss perfect than in the other parts of ani- 
:d nature, as must be evident from the 
re of the fluid they inhabit ; this sense 
lem oan only act, from the action of the 
, tinctured with the odour of the object, 
1 the olfactory nerves within, in the same 
ner as the palates of other animals disco- 
iastes. Their sense of taste must also be 
imperfect ; their palate being of a hard 
r nature ; whereas, in quadrupeds who 
ess this sense in an exquisite degree, this 
n is very soft and pliant. From this in- 
rimination, fish will frequently swallow 
plummet, as well as the bait. Their sense 
taring is still more defective, if they pos- 
this faculty at all, as is evident from the 
aent experiments which have been made. 
Gsh, except the whale kind, have the least 
arance, on dissection, of any auditory 
ns. Their sense of sight, is however, 
5what more perfect, though inferior to 
9£ most other animals. They are totally 
■ of eye lids ; the eyes being 
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~ith the same skin that overspreads ^ 
of I he body. 

The period to which fishes live, is very Ijttli 
known, though it is generally beheved the; 
attain to a considerable age ; some of thi 
least exceed in their age thai of a man 
The method of discovering their age 
is either by examining the trausverse cover 
ings of their scales, by means of a microscope 
or by the transverse section of the back bone 
Buffoa found a carp, which by the forme 
method of computation appeared to be ahun 
dred years old, allowing one year for ever 
covering of the scales ; the Skate, and Raj 
like other fish which have no scales, hav 
their ages discovered, by separating the joinl 
of the back bone, and then examining th 
number of rings which the surface exhiblte 
where it was joined, allowing one year fc 
each ring. Little can be said in favour of th 
certainty of either of these methods j the 
however, though not infallible criierlons, eni 
ble lis to make a near approximation to th 
truth. 

The greatest singularity in fishes, is the; 
amazing fecundity. Some are viviparou 
and others oviparous ; the latter produce the; 
young, or ratht-r their eggs, in far greaU 
.ibiindatjce than the former ; but at the saM 
time tbeyarc more subject. ^o^let^>TnE'&^t■^ 
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pother fish, and even of their own species, 
not exceptingthe parent itself which excluded 
^em, while they continue in their egg state ; 
consequently but very few of these eggs pro- 
duce live animals, though produced in such 
ct^isidei'able numbers. A single Cod will pro- 
duce above nine million of eggs in one season ; 
and many other fish have as proportionable an 
increase. 

V. Insectv, — Insects and animals of the 
worm kind, seem to form the lowest order 
among the various tribes of living creatures 
which inliabit our globe. The distinguishing 
characters of insects are, that their bodies 
are covered with a sort of bony substance in- 
stead of skin ; and their heads furnished with 
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, may more pat 



ticularly be defined a small animal without 
red blood (this matter being white and cold) 
bones, or cartilages ; furnished with a trunk, 
or else a mouth, which opens length ways, 
contrary to the natural order ; the eyes desti- 
tute of covering ; and lungs ppening on the 
sides of the bodv. This definition will 
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give the hi&tory ot every s-?eci^^ 
would be utterly impracUcaWe ; ^^^ y 
they ill their forma, sizes, habitUCLes, 
of propagation, and manners and du* 
life. A general division of them, l^^^, 
according to their most apparent ej^ ^' 
differences of fomi, may be attempted. '^^ 

The first class of these beings, which p^^ 
sent themselves to our observation, appear -5 
be those which are destitute of wings, and are 
seen crawling about on every plant and spo( 
of earth. Some of these never acquire wing- 
but continue In this reptile state during their 
whole lives. These are all oviparous, except 
the Flea and the Wood-Louse; and properly 
cbnstitute the first division of insects. Otfaen 
which hereafter become winged insects, be- 
longing to the following divisions. 

The second grand division of insects, are 
those furnished with wings ; but which,, when 
first produced from tlie egg, appear like rep- 
tiles, and have their wings so cased up, as to 
be quite concealed ; but when these cases 
break, the wings expand, and the animal ac- 
quires its perfect form and beautj-. Of thU 
nature are the Dragon Fly, the Grasshopper, 
and the Ear-wig. 

The third ordfr of insects, are those of Ac 
Moth, and the lliitierfly kind ; which have 
' s each, covered with a mealy 
\arious co\Qurs, 'wWtV*. easily 
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rubs off; and when examined by die micros- 
cope, appears to be elegant scales. These 
insects have a peculiar method of propagation; 
they are oviparous ; and when first hatched 
from the egg, are perfect caterpillars, which 
often shed their skins ; and after having di- 
vested themselves of their skins for the last 
time, assume new coverings called chrysal- 
ides, in which state they continue till they 
come forth in their perfect winged forms. 

The fourth division includes those winged 
insects which originate from Worms, and not 
from Caterpillars like the former, though 
they undergo similar trans formal ions. Some 
of these are furnished with two, and others 
with four wings each. The wings of animals 
of this class differ from thoseof the Moth and 
Butterffy kind, in being destitute of those 
scales with which these are furnished. 
This class includes all the numerous class of 
Flies, Gnats, Beetles, Bees, &c. 

The fifth and last class of insects, contains 
those which naturalists have termed Zoo- 
phytes ; and are distinguished by their pecu- 
liar mode of propagation, so different from > 
the ordinary course of nature. They ma 
multiplied by dissection ; and some of thenij ^ 
though cut in a hundred pieces, will stU 
retain the vital principle in each separate part 
aacB part shortly becom'mga^ft'AeiW.TKaBa 
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which may again be increased in the same 
manner. To tJiis class belong the Polypus, 
llie Eartli-worm, and all the varieties of the 
Sea NttUc. 

Insects are furnished with all the necessaiy 
appendages proper to eacli, for the purposes of 
defence, of flight, or providing for their own 
subsistence. The difffrent parts of their bo- 
dies, are also constructed with admirable 
skill. The eye, for instance, is diflerently 
formed from that of any other creature : it is 
externally rigid, whereby it is not obnoxious 
to many injuries ; the cornea is divided in 
every part into lenticular facets, which, view- 
ed by the microscope, appear like a beautiful 
piece of lattice-work, each opening reflecting 
the rays of light so, that when looked through, 
the object appears inverted, and thereby sup- 
plies the place of cn,'stalline humour, of 
which insects are entirely destitute. Larger 
animals are obliged to turn their eyes towards 
the object they wish to behold, but many in- 
sects, as flies, have their eyes so constructed 
as to admit the view of every neighbouring 
object at once. The number of eyes are very 
different in different insects ; some have only 
one i odiers have two ; spiders have generally 
eight ; and flies have as many as there are 
perfotations in the cornea, which are very 
numerous. Most msecta are iu.Tv\\s\ve4,-«\.'As. 
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two antenna, or feelers, which serve to keep 
their eyes clean. Amphibious insects have 
their feet formed of flat joints ; and gristles 
placed on each side of the extremity of the 
limb, which supply the place of ears, as in 
the Water-Beetles. Insects formed for leap- 
ing, as the Cricket and Grasshopper, have 
strong, brawny, muscular legs ; while those 
who use their claws in perforating the earth, 
have these members admirably adapted for 
this purpose. 

Insects and reptiles, though seemingly the 
most insignificant of animated beings, have 
an important part assigned them to perform 
in this universe. Though the duration of their 
life be but as a moment, and their strength, 
when compared with that of the larger ani- 
mals, as nothing, yet their power is ofien 
irresistible. The strongest animal which 
treads the earth is frequently driven to mad- 
nesti bv the endless irritation these insignifi- 
cant beings produce ; the sun himself is de- 
prived of his light by the shading of their 
wings, and every leaf that can give support 
to animal life is often swept, at once, away by 
their devouring jaws ; neither has the inge- 
nuity of man, which subdues the strongest, 
and reclaims the most ferocious animals, 
enabled him to devise the means of defending I 
himself from the devaatalioua oi vW^t wm-Srl 
R2 






in d -"«^-S. 

" '"• will. ?," 1''""" l»con,e,„h° ""' 



ANIMALS. I9y 

to decay. Under this state of degradation 
these creatures are doomed to labour for a 
time with unceasing assiduity : and that 
nothing might divert their attention from this 
Important business, even for one moment, ■ 
the distinctions of sex are withheld from 
them while in this state ; nor does it seem 
diat they have a single perceptive faculty, 
unless it be that of striving to preserve their 
existence, and allay their insatiable appetite 
ibr food. Having, at length, however, with 
the most patient assiduity, performed the 
menial task that was assigned them, they are 
(hen called, by the bounty of the Creator, 
into another and superior state of existence, 
in which they are destined to perform a part 
the most opposite which can be conceived to 
that thev formerly acted. The unsightly grub, 
after a temporary death, awakens into new 
life ; and deserting the clod it lately inha- 
bited, and nauseating its former food, sports 
in the sun-beam, and sips the balmy dew ; 
nor does the butterfly, now arrayed in the 
most gorgeous attire, seem to claim the most 
distant alliance with the ugly caterpillar from 
whence it sprang. The attraction of sex seems 
to form the chief business of this period of 
life ; food is neglected as if unnecessary, and 
its life is devoted to amorous dalliance alone. 
Having" soon provided a Tiuta«Q\3.* ^to'ijfs^ 
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SVoniciotU Ubouren, :t leaves ihjs 
■ccnc, to make room for thosf who sat demo- 
cd to lupply its important place in the uni- 
verse. 

The changes and transformations of insects 
■re firot from the ovum (c^g) into the iarve 
fcnterpillnr or muggol ;) theo into the papa 
fchrysalisj and hi«tly into the imagQ (fly.) 
ruptt is H name derived froni the resemblanec 
of (he itiscct in this state to an infant in swad- 
dling clothes i and the Icrm is non- used m 
preference to vhn/nali/i. The period of exist- 
uttrc In cneh of thtse states varies greatly in 
ilifR-reut hpeciea of insects ; but in general 
tlicy cnntinue much longer tn the reptile slate 
ttinn in that of the fly. The species nf fly 
collt-d ichneumon rpmaina in the water as a 
Vlml ot worm for the space of abotij two 
\vnrt i In lla fly stiite it seldom continues 
m<w* ihwi one day. The ephcmeron is near- 
ly th*- sauif : tuid ihr Ki'ub of the cockch.ife- 
ranalns under ground for about two yfiiOt 
li»a i tn its Hy Ktue it in general exists c^ 
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CHAP. XII. 

OF THE HUMAN FRAME. 

MAN is placed at the head of the animal 
creation. Animated and enlightened by a ray 
from the Divinity, he surpasses in dignity 
every material being. He was made after all 
other creatures, not only as the most perfect, 
but as the superintendant and master of all 
things : created ^* to rule over the fish in the 
sea, and over the fowl of the air, and over 
cattle, and over the earth, and over every 
creeping thing." » 

The body of a well-shaped man ought to 
be square, the muscles ought to be strongly 
marked, the contour of the members boldly 
delineated, and the features of the face well 
defined. In women, all the parts are more 
rounded and softer, the features are more 
delicate, and the complexion brighter. To 
man belong strength and majesty ; graceful- 
ness and beauty are the portion of the other 
sex. — Every thing in both sexes points them 
out as sovereigns of the earth \ e^vewtKe. ^ic- 
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temal appearance of man declares his supen- 
orily to other living creatures. His hoad 
tends ton'ards the heavens, and in his auguA 
countenance beams the sacred ray of sapient 
reason. He alone sheds the tears which ariK 
from emotions of sensibility, unknown to 
animals ; and he alone expresses the gladneu 
of his soul by laughter. His erect posture and 
majestic deportment announce his dignity and 
superiority. He touches the earth only with 
the extremity of his body ; his arms and 
hands, formed for nobler ends than the cor- 
respondent organs of quadrupeds, execute the 
purposes of his mind, and bring every thing 
within his reach, which can minister to his 
wants and his pleasures. By his eyes, which 
reflect the intelligence of thought, and die 
ardour of sentiment, andwhich are peculiariy 
the organs of the soul, are expressed the Soft 
uid tender, as well as the violent and tumul- 
tuous passions. They are turned, not towards 
ihc hea^-ens, but to the horizon, so that he 
may bi hold at once the sky which illuminates, 
und the earth whif-h supports him. Their reach 
eiisnds to the nearest and the most distant 
objects, and glances from the grains of sand 
at his feet, to the star which shines over his 
immeasurable distance. 
\t hum:m body^onsists of solid and fluid 
which in general ate esiVci *xe. aoXiiB, 



^ THE HUMAN FRAME. 203 

mud^fiuidn, or humours of the body. The solid 
HBateare bones, cartilag-es, ligaments, muscles, 
^^■bn^, membranes, nerves, arttrtes, veins, 
^^H^ or line tubular vessel'}, of various sorts. 
P^Btidiese simple solids the more compound 
■ ttrgans of Ut'e consist, viz. the brain and ce- 
rebellum ; the lungs, the stomach, the liver, 
the spleen, the pancreas, the kidneys, the 
glands, the intestines, together with the organs 
of sense, viz. the eyes, the ears, the nose, 
and the tongue. 

The fluid parts of the human body arc 
chyle, blood, saliva, or spittle, bile, milk, lym- 
pha, the semen, the pancreatic juice, urine, 
phlegm, serum, and the aqueous humour of 
the eyes. 

Anatomists have employed much pains in 
ihe study of the material part of man, and 
have assigned to each of the above parts their 
appropriate use in the economy of his frame, 
but none, perhaps have given so comprehen- 
sive and eloquent a description of the struc- 
ture of man as the late Dr. Hunter : " In 
order" says this celebrated anatomist, " to 
acquire a satisfactory general idea of this 
subject, let us, in imagination, inoif a man ^ 
in other words, let us construct a fabric fit 
for the residence of an intelligent soul. This 
soul is to hold a correspondence with all ma- il 
terial beings arouTid her ; at^d, to ^w. «A. 
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she must be supplied with organs fitted to 
receive the different kinds of impressions 
which they will make. In fact, therefore, wc 
see that she is provided with the organs of 
sense, as we call them : the o^p is adapted 
to light ; the car to sound ; the nose to smeU; 
the vioiifh to taste ; and the siiti to toucbi 
Farther, she must be furnished with oi^gans 
of communication between herself in the braia 
and those organs, to give her information of 
all the impressioHH that are made on them r 
and she must have organs between herself in 
the brain and evcrj- other part of the body, 
fitted to convey her commands and influence 
over the whole. For these purposes, the 
fiFrves are actually gi^en. They arc chords 
which rise from the brain, tlie immediate 
residence of the mind, and disperse them- 
seh-es in branches through all parts of the 
body. They arc intended to be occaaiooal 
monitors against all such impressions as might 
endanger the well-being of the whgle, or of 
any particular part ; and this vindicates Uic 
Creator of all things in having actually suh- 
jected us to those many disagreeable and 
painful sensations which we are exposed 10 
from a thousand accidents in life. Moreover, 
the mind, in this corporeal system, must be 
endued with the power of moving from place 
t» place, that she may \\v¥? ittV^xcotirse witli 
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a variety of objects ; that she may fly from 
such as are disagreeable, dangerous, or hurt- 
ful, and pursue such as are pleasant and useful 
to her ; and, accordingly, she is supplied with 
muscles and tendons, the instruments of mo- 
tion, which are found in every part of the fabric 
where motion is necessary ; but, to give 
firmness and shape to the fabric ; to keep the 
softer pans in their proper place ; to give 
£xed points for, and proper direction to, its 
motions, as well as to protect some of the 
more important and tender, organs from ex- 
ternal injuries, there must be some firm prop- 
work interwoven through the whole ; — and, 
in fact, for such purposes the bones were 
giveni The prop-work must not be made 
into one rigid fabric, for that would prevent 
motion. Therefore, there are a number of 
bones*. These pieces must all be firmly 
boimd together, to prevent their dislocation j 
and this end is perfectly answered by the li- 
gaments. The extremities of these bony 
pieces, where they move and rub upon one 
another, must have smooth and slippery sur- 
faces of easy motion. This is most happily 
provided for by the cartilages and mucus of 

* Dr. Krlll reekons 341 bones in Ihc human body, others 
makelheminbe 349, viz. Intheikull 14, in the face and 
the IhroBt 46, in the trunk 6r, in tlie arms and binds $3. 
•nd in the leg* and feet 60. 

s 
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the joints. The intcislices of all these parts 
must be filled up with some soft and ducule 
matter, which shall keeptliem in their places, 
unite them, and at the same time allow them 
to move a little upon one another ; and these 

furposes are answered by the cellular mem- 
rane, or adipose substance. There must be 
an adequate covering over the whole appera- 
ttis, both to give it compactness and to defend 
it from a thousand injuries ; which, in fact, 
are the very purposes of the skin, and other 
integuments. Lastly, the mind being formed 
for society and intercourse with beings of 
her own kind, she must be endued with pow- 
ers of expressing and communicating her 
thoughts by some sensible marks or signs, 
easy to herself, and capable of great variety ; 
and accordingly she is provided with the 
organs and faculty of speech^ by which she 
can throw out signs with amazing facility, 
and vary them without end. 

'• Thus we have built a body which seems 
to be a pretty complete ; but, as it is the 
nature of matter to be worked upon and alter- 
ed so, in a very little time, such a living 
creature must be destroyed, if there is no 
provision for repairing die injuries which she 
will commit upon herself, and those \thich 
»he will be exposed to from without. There- 
fore, a treasure of hhod is actually provided 
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me heart and vascular system, full of nu- 
tricious and healing particles, fluid, and able 
to penetrate into the minutest parts of the ani- 
' mpellcd by the heart, and conveyed by 
the arteries, it washes every part, builds up 
whsit was broken down, and sweeps away the 
old useless materials. Hence we see the ne- / 
ccssity or advantage of the heart and arterial 
system. What more than enough there was 
of the blood to repair the present damages of 
the machine, must not be lost, but should be 
returned again to the heart ; and for this pur- 
pose the veins are actually provided. These 
requisites in the animal explain, a pfiori, the 
circulation of the blood. The old materials, 
which are become useless, and are swept off 
by the current of the blood, must be separa- 
ted and thrown out of the system. Therefore 
the glands, the orgiin'i of secretion, are given 
for straining whatever is redundant, vapid, 
or noxious, from the mass of blood j and, 
when strained, they are thrown out hyemunc- 
lories, called organs of excretion. But now, 
as the machine must be constantly wearing, 
the operations must be carried nn without 
intermission, and the strainers must be always 
employed : therefore, there is actually a per- 
petual circulation of the blood, and the ac- 
cretions are always going on. Even all t 
provision, however, would not be sufficient; 
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for that store of blood would be soon 
med. and the fabric would break down, if 
there were not a provision made for fresh 
supplies. These we observe in fact are pro- 
fusely scattered round her in the animal and 
vegetable kingdoms ; and she is furnished 
with hands, the fittest instruments that c»utd 
have been contrived, for gathering them, and 
for preparing them in a variety of ways for 
the mouth. But these supplies, which we 
call food, must be considerably changed ; 
they must be converted Into blood. Therefore, 
she is provided with teeth for cutting and brui- 
sing the food, and with a stomach for melting 
it down ; in short, with all the organs sub- 
servient to digestion. The finer parts of the 
aliments only can be useful in the constitution: 
these must be taken up andconveyed into the 
blood, and the dregs must be thrown off. 
With this view, the inUstinal canal is actually 
given. It separates the nutritious part, which 
we call chyle, to be conveyed into the blood 
by the system of the abnorbent vessels ; and 
the feces pass downward out of the body. 
Thus we see that, by the very imperfect sur- 
vey which human reason is able to take of 
this Bulijtct, the animal man must necessarily 
he complex in his corporeal system, and in 
' g this general View 
, « prioi-i, toWiiftW*- 
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sary lor adapting an animal to the situations 
of life, we observe, with great satisfaction, 
that man is accordingly made of such sys- 
tems, and for such purposes. He has them 
an i and he has nothing more, except the 
organs of respiration. Breathing it seemed 
difficult to account for a priori ; we only 
know it to be a fact essentially necessary to 
life. Notwithstanding this, when we see all the 
other parts of the body, and their functions 
so well accounted for, and so wisely adapt- 
ed to their several purposes, there would be 
no doubt that respiration was so likt wise; and, 
accordingly, the discoveries of Dr. Priestly 
have lately thrown light upon this function 
also. 

*' Of all the different systems in the human 
body the use and necessity are not more ap- 
parent, than the wisdom and contrivance 
which has been exerted in putting ihem all 
into the most compact and convenient form ; 
in disposing them so that they shall mutually 
receive and give helps from one another ; 
and that all, or many, of the parts shall not 
only answer their principal end and purpose, 
but operate successfully and ufefuUy in a va-^ 
riety of secondary ways. If we consider the 
whole animal machine in this hght, and com- 
pare itwith any in which human art liasexerted 
iftulniost skill (suppose the be^X tD\ai:x>MA*Si( 
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Ep that ever was huilt), we shall be convm? 
ced, beyond the possibility of doubt, that 
there exist intelligence and power far surpas- 
sing what human art can boast of. One su- 
periority in the animal machine is peculiariji 
striking. In machines of human contrivance, 
or of art, there is no internal power, no prin- 
ciple in the thing itself, by which it can alter 
and accommodate itself to any injury that it 
may suffer, or makeup any injury thatudmits 
of repair ; but in the natural machine, or 
animal body, this is most wonderfully proi'-id- 
ed for by :he internal powers of the machine 
itself ; many of which are not more certain 
and obvious in their etf-cts, than they are 
above all human comprehension as to the 
manner and means of their operation. Thus, 
a wound h'/als up of itself ; a broken bone is 
made firm by a chHus ; a dead part is separa- 
ted and thrown off; noxious juices are driv- 
«n oat by the emanetories ; a redundan- 
cy is removed by some spontaneous bleed- 
ing ; a bleeding naturally stop^j of itself; 
and a great loss ol blood, from any cause, is 
in some measure compensated by a contract- 
ing power in the muscular system, which 
accommodates the capacity of the vessel to 
the quantity contained. The stomach givca 
/nforniaiion when the supplies have been ex- 
peadcd, rejiresenls with ^rea\ 
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ijaaDtity and qualitj' of what is wanted in the 
present state of the machine, and in proportion 
as she meetswithneglectrises in her demand, 
urges her petition in a louder tone, and with ■ 
more forcible arguments. For its protection, 
an animal body resists heat and cold in a very 
wonderful manner, and preserves an equal 
temperature in a burning and in a freezing at- 
mosphere. These are powers which mock all 
human invention or imitation ; they are cha- 
racteristics of the Divine Architect I" 

Part of the motions of the complicated 
frame of man, in common with all animated 
beings, are voluntary, or dependent on the 
mind; and part involuntary , or without the 
mind^s direction. 

How the incorporeal existence, which we 
call mind, can opei-ate on matter, and put it 
in motion, is to us perfectly incomprehenbible. 
When the anatomist considers the number of 
muscles that must be put in motion before 
any animal exertion can be effected ; when he 
vicrws them one by one, and tries to ascertain 
the precise degree to which every individual 
WUEcIe must be constricted, or relaxed, be- 
fore the particular motion indicated can be^ 
effected, — he finds himself lost in the labyrirt 
of calculations in which this involves hid 
but when he considers tlvat cve.T^'Qvv<iQV(!a 
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muscle!) must be constricted or relaxed to the 
precise degree that appertains to each, and no 
more, and at the same instant of time ; when 
he recollects, that the smallest jarring in this 
respect in any one of these would throw the 
whole into inextricable disorder ; when he 
considers with what promptitude the whole 
of this is done in an instant by the mere act 
(Jf his volition, and how in another instant, by 
a change in that volition, all these muscles 
are thrown into a different state, and a new 
act brought into action, and so on continually 
as long as he pleases, his mind is lost in the 
immensity' of wonder that this excites. But 
when he farther reflects, that it is not only he 
himself that is endowed with the faculty of 
calling forth those incomprehensible energies, 
but that the most insignificant insect is vested 
with powers of a similar sort, he is still more 
confounded. A skilful naturalist has been 
able to perccivp, that m the body of the 
poorest caterpillar, which, in the common 
opinion, is one of the most degraded exist- 
ences on this globe, there are upwards of two 
thousand muscles, all of which can be brought 
into action with as much facility at the will 
of that insect, and perform their several ofli- 
ces with as much accuracy, promptitude and 
precision, as in the most perfect animal ; and 
all this is done by that insctt vjwV aa fc-apali. 



THE HUMAN FRAME. 213 

II QSBSCiousness of the manner how, as tht si- 
milar voluntary actions of man are effected. 

Nor are the involuntary motions less mys- 
terious an4 wonderful. The stomach, the 
intestines, and all the ftmctions necessary to 
life, wait not to be called into action by any 
volition of our^. The heart, placed near the 
centre of the system, performs its task as well 
■when we are asleep, as when we are awake, 
by night as by day, and like an unwearied and 
faithful labourer, with muscular exertions, 
distributes the vital stream through our com- 
plicated frame, 'till their wearied functions 
cease, and the tenement of clay is inhabited 
no more. How admirably it is calculated to 
keep up this continued circulation throughout 
the system may be understood by the lollow- 
ing computation, by Dr. Keilh " Each ven- 
tricle will at least contain one ounce of blood. 
The heart conti'acts four thousand times in 
one hour ; from which it follows, that there 
passes through the heart, every hour, four 
thousand ounces, or three hundred and fifty 

founds of blood. Now the whole mass of 
lood is said to be about twenty-five poimds, 
BO that a quantity of blood equal to the whole 
mass of blood passes through the heart four- 
teen times in one hour ; which is about once, 
j, every four minutes." Consider what ai 
'""i h Vfhea we come to very \4t^it « 



The aorta of a whale is larger in the bore 
than the main-pipe of the vater-works at 
London-Bridge ; and the water roaring in its 
passage through that pipe, is inferior in impe- 
tus and velocity to the blood gushing from the 
whale's heart. Hear Dr. Hunter's account of 
the dissection of a whale. " The aorta mea- 
sured a foot diameter. Ten or fifteen gallons 
of blood is thrown out of the heart at a stroke, 
with an immense velocity, through a tube of 
a foot diameter. The whole idea fills the 
mind with wonder." It is thus, O great 
Author of all things ! we discover thee in 
thy works. 



I 



OF THE FIVE SENSES. 



Of Seeing. 



THE organ of seeing is the Eye. It is a 
curious and most wonderful piece of mtture's 
work, admirably contrived with various roa/*! 
muscles, vessels, and humours of three «eve- 
,raJ kinds, forthe purpose of vision. The first 
tour of the eye is csKLti'ive aiji 
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1^^^ being in all respects like water, but of 
a spirituous nature ; for it will not freeze in 
the gieatest cold. The second is called the 
rry-italline humour, being transparent, and 
more solid thaowjilher of the other ; its figure 
resembles an optic lens, convex on both sides, 
and its use in the eye ia the same. Behind 
this lies the vilreous or glassy humour ; it is 
very much like the white of an egg ; it is in 
greater abundance than either of the other i 
it gives the eye its spherical form ; and is 
thicker than the aqueous, but thinner than 
the crystalline humour. Next this humouf, 
on the bottom of the eye, is spread a fin^ cu- 
rious membrane, called the retina, through 
which are expanded the meduHat y Jibre« oi 
the optic nerve, which come from the brain. 
Now the rays of light, which come from 
aUX parts of any object, falling upon the aque- 
ous humour of the eye, are through it refrac- 
ed to the crystalline humour, by which, as a 
double convex lens (kept always at a proper 
distance by the glassy humour) they arc alt 
converged and united on the retina ; the im- 
pression thereof being communicated to the 
common sensory of the brain by the optic 
nerves, doth there present to the mind the 
s and image of the object 
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That, which immediately affects the sight, 
atKt produces in us that sensation, which «c 
call seeing, is light. 

Light may be considered either, firstj as it 
radiates from luminous bodies directly to our 
eyes ; and thus we see luminous bodies them- 
selves, asthesun.oraflame, &c. or, secondly, 
as it is reflected from other bodies j and thus 
we see a man, or a picture by the rays _of 
liglit reflected from them to our eyes. 

Bodies, in respect of light, may be divided 
into three sorts ; first, those that emit rays 
of light, as the sun and fixed stars; secondly, 
those that transmit the rays of liglit, as the 
air ; thirdly, those that reflect the rays of 
light, as iron, earth, &c. the first are called 
luminous ; the second pellucid; and the third 
opaque. 

Opaque bodies are of two sorts, speculsr, 
or not specular. Specular bodies, or mirrors^ 
are such opaque bodies whose surfaces arc 
polished ; whereby they reflecting the rays 
in the same order as they come from other 
bodies, shew us their images. 

The r.iys that are reflected from opaque 
bodies always bring with them to the eye the 
idea of colour; and this colour is nothing 
else in the bodies, but a disposition to reflect 
to the eye more copiously one sort of rays 
thaa another. For patUt\i\a.T 
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endowed with particular colours j some 
:d. Others blue. Others yellow, and others 
een. he. 

Every ray of light, as it comes frora the 
Bun, seems a bundle of all ihese several sorts 
of rays ; and as some of them are more 
frufigible than otheis ; that is, are more 
turned out of their coarse, in passing from 
[Dedium to another, it follows, that after 
refraction they will be separated, antt 
•distinct colour observed. Of these, the 
refrangible are violet, and the least r 
,stid die intermediate ones, in order, are indi- 
go, blue, green, yellow, and orange. This 
separation is very entertaining, and will be 
observed with pleasure in holding a prism in 
the beams of the sun. 

As all these rays differ in refrangibility, so 
ihcy do in refexibility, that is, in the pro- 
perty of being more easily reflected from cer- 
uIq bodies, than from others ; and hence 
arise, as }\ath been snid, all the colours of 
bodies, which are in a manner infinite, as an 
infinite number of compositions, and propor- 
tions of the original colours may be imagined. 
The -wkiteHeas of the sun's light is com- 
pounded of all the original colours mixed in 
a due proportion. 

Whitenvsn, in bodies, is but a disposition 
^^ue^fctall coJours oEVightneavVvTO'Oas.-Wi- 



Of Hearings 
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portion they are mised in the original 
as, on the contrarj-, b/achiess, is onlv a uis- 
position to absuHi or §tiDe, without rt-fltctioo, 
most of the rays of ever}' sort that faJl on the 
bodJL-3. 

Besides colour, we are supposed to 
figure ; but in truth, that which we perceive 
when we see figure, as perceivable by ai^tt, 
is nothing but nie termination of colour. 

^^ReXT to Seeing, 

^^^Saive of our senses, 
of hearing. 

Sountis arc brought to the ear from sono- 
rous bodies by means of the air ; and the 
external part of the ear is so contrived, by its 
ridges and hollow, that sounds, being gather- 
ed into it us into a tunnel, are thereby directed 

■ to the meatus audit orivs, through wbicli 
they pass and strike upon a thin transparent 

, membrane of aij oval figure, set a little ob- 

I . liqucly across the passagt; of the ear; behind 
this membrane there is a pretty large cavity, 
which, with the said membrane, from its 

* rear 111 bliincc, is called the lijinpantimy or drum- 
of the i-iir. In this cavity arc four small bones, 
nliiih, /iinii their foriTv ATe caWeA-maWeo/u*. 



The ear i: 



most ex* 
he organ 
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L^ or the hammer ,- the incus, or the anvil;' the 
stapes^ or stirrup ; and the os orbiccidure, 
OT-cirLTilar bane. Within the tympanum there 
are several other cavities, as the vestibulum, 
the labifrinth, and the cochlea; these internal ■ 
cavitii s are always full of air ; wherefore the 

inda in the external ah' strikmg on the 

"* nove the four little bones in the tym- 
and these in like manner move the 
air, which maketh an impression on 

■fine branches of the auditory nerve spread 
through the vestibulum, the winding tubes of 
the labyrinth, and cochlea j and thus all re- 
fractions and modulations of the external air ' 
become perceptible ; and consequently all the 
different sounds they convey become audible, 
and intelligible to the mind, by the commu- 
nication of these nerves with the brain, or 
coinman sensory. 

That which is conveyed into the brain hy 
the ear, is called sound, though in truth, till 
o reach and affect the perceptive 
part, it be nothing but motion. 

"" tion which produces in us the per- 

ception of sound, is a vibration of Uie air, 
caused by an exceeding short, but quick, tre- 

Bus motion of the body from which it ii 
igated ; and therefore we consider and 
minate them as bodies sounding. "^^ 
t I 
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That BOUDtl ii the eStct of such a short. I 
brisk, vibrating motion of bodies from wtucli I 
it i* prnpagated, may be koo^fn from what it I 
observed and feh in the strings of iit^tni:- I 
mcnts, and the trcmbrmg of bells, as loogaa 
we perccivi; any sound come from them; for 1 
as »oon as that vibration is stopped, or ceases ] 
ia tbcm, thi, perception ceases also. 



Of Smelling: 

^ME IXING ia another sense. The tmgik 
of limcHing is the nose. The cavity of the 
noie i.i divided iuCo two parts, we call the 
nostrih, by a partition, of which the upper 
unrt iH bony, and the lower cartila^nous. 
The upper part of the cavity is covered with 
u thick glandulous membrane, above which 
the olfactory nerve\i finely braniJied out and 
■prt-ud over the membrane of the spongy 
Iwni'H of tho nosq, and other sinous cavities 
of the nostrils. Whence the exhalations 
of odours entering the nostrils make their 
impresMions on the fibres of the nerves, 
which, by their communication with the 
hraiii, excite in the mind the smell or sensa- 
tion of odours of evcrj' kind. 
■ Smelling bodies seem perpetually to seftd 
■d|^ c/ffuvia or steams, Vu^ux. 
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r wiling at all. Tlius a grain of musk will 
<send forth odoriferous particles for scores of 
j years together, without its bting spent; where- ' 
,hy one would conclude that these particles are 
' very small ; and yet it is plain, that they are 
much grosser than the rays of light, which 
' have a Tree passage throLigh glass; antl grosser 
also than the magnetic effluvia, which pass 
freely through all bodies, when those that 
produce smell will not pass the thin mem- 
branes of a bladder, and many of them scarce 
ordinary white paper. 

There is a great variety of smells, though 
we have hut a few names for them ; sweet, 
stinking, sour, rank, and musty, are almost 
all the denominations we have for odours ; 
though the smell of a violet, and of musk, 
both called sweet, are as distinct as aay^ 
smells whatsoever. 



Of Taste. 

TASTE is the next sense to be c< 
The organ of taste is the Tongue. 

The tongue is covered with two mem- 
branes ; the extenial is thick and rugged, 
especially in beasts ; the internal membi 
is (hin and soft ; upon it appear seven 
T2 




embrae ■ 
erd^H 
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pilla or small risings, like the tops of the 
small horns of snails ; these papillse are made 
of the extremities of the nerves of the tongue, 
and piercing the external membrane, are con- 
stantly affected by those qualities in bodies, 
which have their tastes excited in the mind 
by means of these nervous papillte ; and thus 
are these papillie the immediate organ of 
tasting. 

It may he obser\'ed of tastes, that though 
there be a great variety of them, yet, as in 
smells, they have only some few general 

lea, as sweet, bitter, sour, harsh, rank and 

le few others. 



^Bomc 



Of Touch. 



THE fifth and last of our senses is Touchj 
a sense spread over the whole body, .though 
it be most eminently placed in the ends of 
the fingers. 

By this sense the tangible qualities of 
bodies are discerned ; as hard, smooth, rough, 
diy-, wet, clammy, and the like. 

But the most considerable of the qualities 
that are perceived by this sense are heat and 
^ cold. 

^^^Khe due temperament of those two oppO' 
^^^^Bialities is the great 'maua.m^w.ci^Tv^\«.. 

^ k 
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that she makes use of, in most, if not all, her 
productions. 

Heat is considered by some as merely the 
consequence of a very brisk agitation of the 
insensible parts of the object which produces 
in us that sensation, but it is most generally 
supposed that these eflPects depend on ascer- 
tain matter called caloricj or the matter q^ 
heat. 

Bodies are denominated hot and cold in 
proportion to the present temperament of 
that part of our body to which they are ap- 
plied ; so that feels hot to one which seems 
cold to another ; nay, the same body felt by 
the two hands of the same man, may at the 
same time appear hot to the one, and cold to 
the other. 



CHAP. XIII. 



OF THE 

HUMAN UNDERSTANDIM 

THE Understanding of -M: 
particularly exalts him above the brute crea-- 
tion. Though some ol* the most sagacious 
of animals appear, in regard to intellect, in 
certain points of view, to approximate to the 
lowest of the human species, yet there can be 
no doubt that man is much farther exalted 
above them all, than any one of these ew:el3 
the next below it ; for though many of the 
higher orders possess a kind of memory, and 
the faculty of reasoning in a certain degree ; 
though " the ox knoweth his owner, and the 
ass his master's crib," yet, unless it be in re- 
collecting their dependence on othijrs for 
food, and a few circumstances of a similar 
nature, tending chiefly to the preservation of 
existence, the intellectual powers of even the 
highest is extremtly circumscribed. The dog 
is a favoured, and a verv aa^'itvoiis A'KcvsiW.c. 
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animal : he feels the benign influence of the 
parlour fire, and enjoys it as much as any of 
the human species ; but he never can be 
ihade sensible of the uses to which heat may 
be applied in changing the nature of bodies 
which are subjected to its power ; he never 
can be made to conceive how a piece of coal, 
or a billet of wood, can augment the heat, 
and continue to support it ; and thus he can- 
not spontaneously feed the fire when occasion 
shall require it ; a degree of reasoning which 
a child acquires almost before it can walk, 
and which even an ideot knows. In like 
manner the elephant, the most sagacious of 
the brute creation, delights in the sugar-cane, 
and gives evident indications that thia is a 
food which he relishes in the highest degree, 
and when he once discovers where it is to be 
found, will expose himself to any danger to 
obtain it ; but no elephant hath ever yet been 
able to discover that if the joints of these 
plants be buried to a certain depth in newly 
turned up earth, it will there revive, and 
send up shoots, which in due time will aiford 
abundance of his favourite food. This kind 
of reasoning, though it be the most obvious 
to all mankind, is far bevond the limited fa- 
culties of the brute creation. It is man alone 
who, by comparing facts that fall under his 
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cognizance, and reasoning upon them, 
been enabled to subject all nature to his sway. 
Nor is it alone from the tacts that fall under 
hiaown observation that he derives this kindof 
knowledge ; by the gift of language he has it 
communicated to him by nthers, or tranamil- 
ted to him from the experience of former 
ages. While then the different species of 
animals universally have the same powers 
and propensities at this moment that they had 
at the earliest period they were known, the 
human species are advancing from age to age, 
and the power of man, of course graduwy 
extending as his knowledge increases. 

Thus is man by the faculties of his mind pre- 
eminently distinguished from all other ani- 
mals ; but as he comes into the world without 
any idea or principh, either speculative or 
practical, it is only by the cultivation of his 
intellect that he can fairly claim this superi- 
ority ; therefore leaving this part of oui" 
subject, we will proceed to the consideration 
of the distinct operations of the human under- 
standing ; define its powers, and show the 
method by which it acquires the stock of its 
ideas, and accumulutes general knowledge. 

The primary faculty of the mind is Percep- 
tion. Perception consists in the attention of 
the understanding to the diV^tcXs ai;<wi^\3:^cssi 
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Shereby it becomes sensible of the iin- 
'"gfessions they make ; and the notices of these 
impressions, its they exist in tht mind, are 
distinguished by the name of Ideax. 

Sensation and Rejlecthn are the two foim- , 
tains or sources from which the understand- 
ing is supplied with all its ide;i3, or materials 
of thinking. 

Sensation is the source of our original ideas, 
and comprehends the notices conveyed into 
the mind by impulaca or impressions made 
.upon the organs of sense. Such are the per- 
ceptions of colours, sounds, tastes, 8(c. We 
derive all these ideas, numerous as they are, 
solely from external objects. 

Rcjiection is the mind's perception of lis 
own faculties and operations. Thus by re- 
flection we acquirt; the ideas of thinking, 
doubting, believing, &tc. which are the dif- 
ferent intellectual operations represented to 
u« by our consciousness. 

A proper consideration of these two sour- 
ces of our thoughts will give us a clear and 
(listinct view of the nature of the mind, and 
die first steps it takes in the path of know- 
ledge. The mind thus storedwith itsoriginal 
notices of things, has a power of combining, 
modifyiig, and placing them in an infinite 
variety of lights, by which means it is enabled 
to multiply the objects ol' U% y'^'^'^'^V^^'^^i '^'i^*^ 
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Lnds itself possessed of an inexhaustiblci 
of materials for rc(It;ction and reasoning. 
And it is to be particularly observed, that 
among our numerous discoveries, and the 
infinite variety of our concL-ptions, we are 
unable to find one original idea, which is 
derived from sensation or reflection j or i 
complex idea, which is not composed of these 
original ones. 

The ideas with which the mind is thus fiir- 
Tiished are cither Simple or Complex. 

Simple Ideas are such as exist in the mind 
under one uniform appearance, and cannot 
i)c divided into two or more ideas ; for ex- 
iimple, a colour, a sound- 

Complex Ideas conaiat of several Simple 
Ideas united in the same representation, ap 
pearance or perception; and they either come 
into the mind thus united from the operation 
of things without us, as the idea, solidity 
and figure, is caused by the same ball ; there- 
fore in the complex idea of the ball we con- 
«;eive such ideas as co-existent and concomi- 
Unt ; or else when -:uch simple ideas are 
united by the nii:nl, aa in the idea of law, 
obligntiou, &c. . 

In the production of Complex Ideas which 
WV formed at Uie pleasure of the mind, it 
I tlircL- voluntary acts, viz. Cavtfiositieti. 
rtfU", and Covipar'js^n, 
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mpBsitioti is joining together two or 
more Simple Ideas, and considering them a» 
one picture or representation. By composi- 
tion we have the ideas of number, extension, 

&CC. 

Abstraction is separating from a particular 
idea those circumstances which render it the 
representative of a single determinate object, 
and thereby making it to denote a whole rank 
or class of things. Hence we acquire Utii' 
versa! IdeaSy such as whiteness, beauty, me- 
lody » 8;c. 

Comparison is bringing two or more ideas 
into the view of the mind, and examining 
their mutual correspondencies. By compari- 
aon we gain our ideas of Relations, which are 
proportional, as equal, more, less, &c. or 
natural, as father, mother, &c. or civil, as 
king and people, general and army, Stc. 

This division of our ideas, as it seems to 
be the most natural, and truly to represent 
the manner in which they are introduced into 
the mind, will be found to include them in all 
their varieties. 

We know that our thoughts, although bo 
numerous and manifold, are all contained 
within our own breasts, and are invisible. 
But as men were not created to live solitarily, 
or independently of each other, we are ijro- 



THE HUMAN 

4ltted vrhll organs proptr for framing articU- 
laic BOiinils, and i» capacitv of using ihoae 
sounds as sif{ns of inlemul conctptions. From 
hence are dcrivi-d words and language. For 
any lound being once determined upcm to 
stand as the sign of an idea, custom by de- 
grees eatuhlishes such a connexion between 
ihem, tKat the appearance of the idea in Uie 
iindtTsianding always brings to our remem- 
brance the name by whlcn it is expressed * 
and in like munnL-r the hearing of the name 
ncvtr fails lo i-xcite tliu idea which it is in- 
tended to denote. This connexion between 
words and ideas, however, is perfectly ai-bi- 
trarv, nnd dcpirndent on custom. 

By Itinguage we are enabled to define our 
ideas. D^Jlilition is "the showingth- mean- 
ing of one word by several other not synony- 
mous terms." And here it may be observed^ 
that Simple Ide;is cannot be defined, since 
definition is resolving the thing to be defined 
into its most simple ideas ; but Complex 
Ideas may be defined, because they may be 
resolved into their simple ideas, pefinitimi 
furnishes us with the fittest means of commu- 
nicat'ing our thoughtis ; for if vte were unable 
to impart our Complex Ideas lo each other 
by_ihe aid of definition, it would in many 
} be impossihU to make tliem known. 
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I^Hiis is evident in those idtas which are 

solely the offspring of the mind. For as they ■ 

exist only in the understanding, and have no 

] real objects in nature, in conformity to which 

I the are framed, if we could not communicate 

I. them to others by description, they must be 

' confined to the narrow limits of a single mind. 

, All the beautiful ideas formed by the fancy 

of a Shakspeare or a Milton, without the 

faculty of displaying them by words, would 

never have extended their influence beyond 

' their own breasts. 

' All language may be resolved into Nouns 

atid Verbs, with their respective Abbrevia- 
tions. 

Nouns express names of things : they are 
divided into substantives, which are the prin- 
cipal things spoken of ; and Adjectives, 
which denote qualities, or circumstances 
' belonging to them. 

Verbs express modes of existence. They 
are of three kinds, such as denote simple 
existence ; for example, to be : such as ex- 
press existence in an active state ; for exam- 
ple, to eat : and such as express existence 
in a passive state ; as, to be eaten. 

Words which are usually represented as I 
indeclinable particles, having no determinate I 
signification of their own, are Abbreviations 1 
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nouns or Verba, invented for the greater 
expedition of communicating our thoughts. 
Thus If signifies give ; And signifies add, 
being imperatives of corresponding verbs. 
See this theory of language staled and evinr 
ced in Mr. Home Tooke's Diversioae of 
Purlcy. 

Having thus considered our ideas, whicfa 
are the the materials of our knowledge, and 
our language, which is the manner of ouf 
conveying them to others ; the last thing isto 
consider how our ideas are pat together^ aad 
compared one with the other. 

And herein, First, oi Knowledge. 

KnotvUdge, which is the highest degree of 
the speculative faculties, consists in ihe per- 
ception of the connexion and agreement, or 
disagreement and repugnancy of our ideas. 

This perception is either immediate or me- 
diate. Immediate perception of the agree- 
ment or disagreement of two ideas, is when, 
by comparing them together in our minds, 
we see, or, as it were, we behold their agree- 
ment or disagreement. This therefore is 
called Intuitive Knotvkdge. Thus we see 
that red is not green ; that the whole is big- 
ger than a part ; that two and two are e^puli 
to four. 



Understanding. 233 

Tie tnith of these and the lilse proposi- 
tions we know by bare simple intuition of the 
ideas themselves, without any more ado ; 
and such propositions are called self-evident. 

The niediate perception of the agreement 
or disagreement of two ideas, is, when by the 
intervention of one or more other ideas, their 
agrirment or disagreement is shewn. This 
is called Demonstration, or Rational Knoiv- 
ledge. Tor instance, the inequality of the 
breadth of two windows, or two rivers, or 
any two bodies that cannot be put together, 
may be known by the intervention of the 
saine measure applied to them both ; and so 
it is in our general ideas, whose agreement 
or disagreement may be often shewn by the 
intervention of some other ideas, so as to 
produce demonstrative knowledge, where 
the ideas in question cannot be brought toge- 
ther, and immediately compared, so as to 
produce intuitive knowledge. 

Secondly, iM Judgment, 

Judgment is that laculty which is given to 
man to supply the want of clear and certain 
knowledge, where that cannot be had. It 
consist in putting ideas together, or separat- 
ing them from one another in the mind, 
when their certain agreement or disagreement 
i« not perceived, but presumed to be ao « 
U2 
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which is, as the word imports, taken to be 
so before it certainly appears. 

Hence the understanding doth not only 
know certain truth, but also judges oi proba- 
bility. Probability is always conversant about 
propositions whereof we have no certainty, 
as in knowledge, but only some inducements 
lo receive them as true ; such as their confor- 
mity to our own knowledge, observa^on, 
and experience, or the testimony of others, 
vouching their observation and experience i 
and the entertainment the mind gives this 
sort of propositions is called assent^ opinion^ 
or belief. 

Of probability there are various degrees, 
from a moral certainty to the slightest degree 
of evidence ; and the degrees of assent are 
proportionably various. In like manner the 
degrees of improbability are indefinitely vari- 
ous, from the least deviation from the equili- 
brium to the lowest degree upon the scale of 
evidence, and even to a mora": impossibili^. 

Lastly, Oi Reason. 

Heason is the pre-eminent faculty of the hu- 
man mind, and is necessary and assisting to all 
ourother intellectual faculties. By itwe enlarge 
our knowledge and regulate our assent j for 
it hath to do both in knowledge and opinion, 
:)nd is the faculty which finds out the means, 
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id rightly applies them, to discover certainW 
the one, and probability in the other. It 
Reason which perceives the necessary and 
dubitable connexion of all the ideas and 
■oofs one to another, in each step of any 
:moQStration that produces knowledge ; rt 
tewise perceives the probable connexion of 
1 the ideas or proofs one to another, in 
rery step of a discourse to which it will 
link assent due ; and where the mind does 
It perceive this probable connexion, where 
does no! discern whether there be any such 
mnexion or no ; there men's opinions ai-e 
jt the product of Judgment, or the consc- 
ience of Reason, but the effects of chance, 
id. of a mind floating at all adventures, 
ithout choice, and without direction. 
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